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GONOCOCCAL ANTI-IDIOTYPIC ANTIBODIES AND 
METHODS AND COMPOSITIONS USING THEM 

TECHNICAL FIELD OF THE INVENTION 

5 The present invention relates to anti* 

idiotypic antibodies directed against Neisseria 
aonorrhoeaQ. This invention also relates to methods 
and compositions using such anti-idiotypic antibodies 
for the prophylaxis, treatment and diagnosis of 
10 gonorrheal infections. 

BACKGROUND OF THE INVENTION 

The sexually transmitted disease, gonorrhea, 
poses a worldwide risk as one of the most commonly 
reported communicable diseases. Gonorrhea is caused by 

15 the bacterium Neisseria gonorrhoeae , a gram negative 
diplococcus. Although the pathogen primarily infects 
mucous membranes, it is capable of invading tissues and 
evading host defenses. N. gonorrhoeae is the causative 
agent of a spectrum of sequelae. These range from 

20 asymptomatic mucosal infection to significant disease 
syndromes in both men and women. The more serious of 
such syndromes include, for example, disseminated 
gonococcal infection (DGI) in men and women, as well as 
salpingitis or pelvic inflammatory disease (PID) in 

25 women. Either salpingitis or PID may themselves lead 
to long-term sequelae, including ectopic pregnancy and 
infertility. Other important sequelae, sometimes 
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requiring siirgical intervention, include recurrent 
infection, chronic pelvic pain, dyspareunia, pelvic 
adhesions and other inf lanunatory residua. 

It has been estimated that in the United 
5 States, the direct and indirect costs of treating PID 
and associated ectopic pregnancy and infertility were 
2.6 billion dollars in 1984 (65). The total direct 
costs were estimated to be 2.18 billion dollars in 
1990, with indirect costs of 1.54 billion dollars. 

10 Assuming constant inflation and incidence rates of PID, 
the total cost of this disease is projected to reach 8 
billion dollars by the year 2000 (6) . 

Despite public health efforts to control 
gonococcal infections and the availability of effective 

15 antibiotic therapies in the United States, there are 
approximately one million cases of gonorrhea reported 
annually to the Centers for Disease Control (CDC) (9) . 
A substantial proportion of all cases of gonorrhea 
occur in asymptomatically infected individuals who are 

20 the source of most new cases within a community (4). 
The increasing prevalence of antibiotic-resistant 
strains has complicated treatment of the infection. 
(7, 8, 64). 

N. gonorrhoeae has multiple virulence 

25 factors. The surface components of this pathogen play 
an important role in attaching to and invading host 
cells, while providing potential targets for the host 
immune response. Gonococcal infections elicit local 
and systemic humoral and cellular immune responses to 

30 several components which are exhibited as surface 

exposed antigens of the bacterium, particularly pili, 
porin (Por) or protein I (PI) , opacity associated 
proteins (Opas) or protein lis, Rmp or protein III, and 
lipooligosaccharides (LOSs) (5). Pili, Opa, Por and 

35 LOS are all implicated in attachment to and invasion of 
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the host and all display considerable variation on 
their surface exposed regions (33, 56, 57). The intra- 
and inter-strain variations of gonococcal surface 
components have led to hypotheses regarding tissue 
5 specificity at different sites and the organism's 
potential for reinfection and continued virulence. 

In both symptomatic and asymptomatic 
patients, gonococcal infections have been shown to 
stimulate increased levels of anti-gonococcal serum 

10 immunoglobulins. The peripheral humoral response is 
predominately IgG (mostly subclass IgG3) , with lesser 
amounts of IgM and IgA (11). Quantitatively, the 
antibody response is primarily directed against the 
pili, Opa proteins and LOS. Local antibodies are 

15 present in genital secretions, but in reduced amounts 
(59), and may be directed against different antigenic 
targets than those in serum (34) . The predominant 
class of antibodies present in secretions is also IgG 
(mostly IgG3) and not secretory IgA (sIgA) (5). 

20 Antibodies against LOS are present as well, but in 
lesser amounts than those against pili, Por and Opa. 
Although patients infected with N. gonorrhoeae may show 
an antibody response to many gonococcal antigens, 
N. gonorrhoeae isolated from patients with disseminated 

25 infection (DGI) are resistant to the bactericidal 
action of normal human serum (NHS) and of most 
convalescent sera (46). This serum-resistant 
phenotype, termed stable serum resistance (SR) , may 
enable the organism to evade local defenses, penetrate 

30 mucosal barriers and disseminate via the bloodstream. 

Upon subculture, many strains of gonococci 
become phenotypically sensitive to killing by NHS or 
serxim sensitive (4 6). These organisms are termed serum 
sensitive (SS) (or unstably serum-resistant [SR]). 

35 Such organisms are frequently isolated from women with 
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severe manifestations of local inf lamination or 
clinically evident PID. Acute salpingitis, the 
pathologic counterpart of PID (caused by SS gonococci) , 
rarely progresses to bacteremic illness or DGI. This 
5 suggests that the intense local infleunmatory response, 
generated by SS gonococci, may serve to contain the 
infection and prevent bacteremia, although at the cost 
of damaging the local tissues. SS gonococci generate 
significantly greater amounts of the complement derived 
10 chemotactic peptide, C5a, than do SR gonococci (12). 
This may be responsible for the polymorphonuclear 
leukocyte (PMN) mediated inflammatory response that is 
produced by SS gonococci. 

The development of antibiotic^resistant 
15 strains of N. gonorrhoeae , has rendered control of this 
infection increasingly difficult. The potential to 
undertreat gonococcal infection has accelerated the 
need for an anti-gonococcal vaccine. The prevention of 
gonococcal infection, particularly the severe 
20 complications of PID, has been the goal of many 
investigators. Ongoing attempts to develop an 
effective anti-gonococcal vaccine, however, have been 
plagued with several difficulties. 

Attempts to use individual surface components 
25 of the pathogen as targets for conventional vaccines 
have been unsuccessful because of their antigenic 
variability. Pilus vaccines have been protective only 
against infection with the homologous strain (used to 
make the pilus vaccine) and Por vaccination has been 
30 unsuccessful even in human experimental challenge. 

In addition, N . gono rrhoeae express marked phenotypic 
heterogeneity, typically shifting from one antigenic 
form to another at a frequency of >l in lO^ organisms 
(60, 61) making the surface of this organism a moving 
35 target for most vaccine strategies. Although the 
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vaccin candidates have provoked antibody responses, 
the antibodies and immune responses produced have not 
been broadly protective. 

LOS is an important virulence determinant of 
5 N. gonorrhoeae. Considerable evidence supports the 
role of LOS as a major target of bactericidal antibody 
directed to the surface of aonorrhoeae (i, 12, 17, 
43, 58). Antibodies to LOS have several important 
functions: bactericidal activity, complement 
10 activation through the classical or alternative 

complement pathways (1), and opsonic activity (12). 
Additionally, LOS has been shown to be the most 
effective gonococcal antigen to induce a functional 
antibody response to homologous and heterologous 
15 gonococci (63). 

The monoclonal antibody (mAb) 2C7 (36) , 
detects a LOS derived oligosaccharide (OS) epitope that 
appears to be widely conserved and expressed amongst 
clinical isolates of gonococci. Typically, saccharides 
20 are T-cell independent antigens. When administered 
alone as immunogens, they generally elicit only a 
primary antibody response. In addition, 
oligosaccharides are small (<io saccharide units) (20) , 
and would likely require additional biochemical 
25 derivitization to render them immunogenic. The use of 
such oligosaccharides as vaccine candidates, therefore, 
is limited in several respects. 

Internal image determinants have been 
proposed for use in vaccines (42). By means of mAb 
30 technology, a protective antibody (Abl) to an epitope 
of interest on the pathogen can be produced. The 
particular antibody (Abl) can be purified and 
subsequently used as an immunogen to elicit an anti- 
idiotypic antibody (Ab2) which may be an internal image 
35 of the original epitope on the pathogen. 



wo 94/22479 



PCT/US94/03794 



As predicted by the Jerne "network" theory 
(24), Ininunization with an anti-idiotypic antibody 
(Ab2) that is directed against antigen combining sites 
of primary antibody (Abl) , may elicit a humoral immune 
5 response specific for the nominal antigen. The 

resulting anti-anti-idiotypic antibody (or Ab3) should 
react with the original primary antigen. If the 
primary antigen is an oligosaccharide (and therefore 
expected to givjs a T-cell independent immune response) , 

10 then immunization with Ab2 (the protein equivalent) may 
elicit a T-cell dependent response* 

Anti-idiotype antibodies have been employed 
to successfully raise protective antibodies against 
various pathogens in animal systems (28, 29, 40, 51 52, 

15 53, 66). An anti*idiotypic antibody will not contain 
the nominal antigen (as is the case with saccharide 
antigens) , thus avoiding any undesirable adverse 
effects associated with use of that antigen as an 
immunogen. Anti-idiotypic antibodies are protein 

20 antigens that often (but not always) act as a T-cell 
dependent immunogen (30) . 

The need exists for an agent useful for the 
prevention or treatment of gonorrhea targeted to the 
prevention of gonococcal salpingitis, an infection that 

25 may be associated with debilitating and chronic pelvic 
pain, infertility and ectopic pregnancy (50). Another 
important objective is to prevent transmission of the 
organism from an infected but asymptomatic host to an 
otherwise immune sexual consort. This is important 

30 because a substantial fraction of all cases of 

gonorrhea in both men and women are asymptomatic, and 
asymptomatically infected, isexually active persons are 
probably the major source of most new infections. 
Accordingly, a gonococcal vaccine that only attenuates 

35 the severity of symptomatic gonorrhea could result in a 
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higher ratio of asymptomatic/synptonatic cases and as a 
result, such a vaccine night promote the spread of 
gonorrhea, unless it also prevents transmission (49) • 

SUMMARY OF THE INVEWTTQW 

5 The present invention generally solves the 

problems referred to above by providing anti-idiotypic 
antibodies and fragments thereof, the antigen binding 
sites of which immunospecif ically bind to antibodies 
that recognize oligosaccharide epitopes of 

10 H, gonorrhoeae which are not present in human blood 

group antigens. Also provided are cells which produce 
the anti-idiotypic antibodies and fragments thereof 
according to this invention and processes for producing 
such antibodies and fragments by culturing those cells. 

^5 The anti-idiotypic antibodies and fragments 

thereof, according to this invention, are useful in 
methods and compositions for the prophylaxis, treatment 
and detection of N. gonorrhoeae infections. 

PRIEF DESCRIPTION OF THE DRAWINGS 

20 Figure 1 depicts IgG anti-LOS antibody (Ab3) 

levels in syngeneic mice immunized intraperitoneal ly 
(ip) with varying doses of purified mAb CAl (Ab2) . in 
the figure, arrows indicate the immunization times. 

Figure 2 depicts a comparison of IgG anti- 
25 LOS antibody (Ab3) levels in syngeneic mice immunized 
with mAb CAl (Ab2) , a control mAb of the same isotype 
as mAb CAl, LOS and PBS. In the figure, the arrow 
indicates the booster immunization. 

Figure 3 depicts IgM anti-LOS antibody (Ab3) 
30 levels in syngeneic mice immunized with mAb CAl (Ab2) , 
control mAb, PBS and LOS. 

Figure 4 depicts IgG anti-LOS antibody (Ab3) 
levels in xenogeneic rabbits immunized subcutaneously 
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with varying doses of mAb CAl conjugated to KLH* In 
the figure, the arrows indicate the initial and booster 
immunizations. 

Figure 5 depicts IgG anti-LOS levels in a 
5 xenogeneic rabbit given booster doses of mAb CAl. In 
the figure, the arrows indicate the initial and booster 
immunizations. The symbols indicate the route of 
initial and booster immtinizations. 

Figure 6 depicts a comparison of IgG anti- 
10 LOS (Ab3) levels in xenogeneic rabbits immxmiz.ed with 
mAb CAl, a control mAb, LOS and C^MCP. 

Figure 7 depicts the comparative anti-LOS IgM 
(Ab3) response in rabbits immunized with varying doses 
of CAl-KLH, a control mAb, LOS and C-MCP. 
15 Figure 8 depicts the IgM anti-LOS response in 

a rabbit immunized with 100 /xg of LOS. In the figure, 
the arrows indicate the initial and booster 
immunizations . 

Figure 9 depicts the bactericidal activity of 
20 mAb 2C7 against stable serum resistant (SR) bacterial 
strains WG, 71H and one serum sensitive (SS) strain 
24-1, sialylated and non-sialylated. 

Figure 10 depicts the bactericidal activity 
of post-CAl and LOS immunization sera from mice and 
25 rabbits. 

Figure 11 depicts the relative 
immunofluorescence levels of bacterial strains 24-1, WG 
and 71H stained with Lucifer yellow alone or with 
Lucifer yellow and Streptavidin-PE-Texas red. 

30 Figure 12 depicts the effect of mAb 2C7 

antibody on the adherence of bacteria to PMNs 
determined by quantitative immunofluorescence of 
lucifer yellow treated gonococci adherent to PMNs. In 
the figure, the results are indicated as follows: 

35 panel A — 24-1 opsonized with mAb 2C7; panel B — 24-1 
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nonopsonized; panel C — WG opsonized with mAb 2C7; 
panel D — WG nonopsonized; panel E — 71H opsonized 
with mAb 2C7; panel F — 71H nonopsonized. Complement 
sources are as indicated. 
5 Figure 13 depicts the increase in ingestion 

of organisms by PMKs after opsonization with mAb 207 
(Abl) as reflected by decreased binding of SAPETR and 
corresponding decrease in red fluorescence. In the 
figure, the results are indicated as follows: 

10 panel A — 24-1 opsonized; panel B — 24-1 

nonopsonized; panel C — WG opsonized panel D — WG 
nonopsonized; panel £ 71H opsonized; panel F — 71H 
nonopsonzed* The X-axis represents time (minutes) of 
incubation at 37^0 with PHNs. Complement sources 

15 present are as indicated. 

Figure 14 depicts the effect of opsonizing 
antibody Ab3, produced by immunizing xenogeneic rabbits 
with Ab2 (CAl) , on the adherence of serum sensitive 
(SS) and serum resistant (SR) gonococcal strains to 

20 PMNs. 

Figure 15 depicts the increase in ingestion 
of serum sensitive (SS) and serum resistant (SR) 
gonococcal strains by PMNs after opsonization with 
antibody Ab3 (produced in xenogeneic rabbits) , 
25 reflected by decreased binding of SAPETR and 

corresponding decrease in red fluorescence. Organisms 
were opsonized with either pre- (0-0) or post-mAb CAl 
(Ab2) immunization (^-A) rabbit sera. 



DETAILED DESCRIPTION OF T HE INVENTION 

30 Definit:;ions 

As used herein, an "antibody" is an intact 
immunoglobulin molecule comprising two each of 
immunoglobulin light and heavy chains. Accordingly, 
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antibodies include intact immunoglobulins of types igA, 
IgG, IgE, IgD, IgH (as well as subtypes thereof) , 
wherein the light chains of the immunoglobulin may be 
of types kappa or lambda. 
5 As used herein, antibody "fragments" are 

portions of intact immunoglobulins that retain antigen 
binding specificity, for example. Fab fragments. Fab' 
fragments, F(ab')2 fragments, F(v) fragments, fragments 
comprised of one or more complementarity determining 

10 region (s) (CDR) , heavy chain monomers or dimers, light 
chain monomers or dimers, dimers consisting of one 
heavy and one light chain, and the like. 

As used herein, "monoclonal antibodies" are 
monospecific antibodies produced initially by a single 

15 clone of antibody forming cells. 

As used herein, a "recombinant antibody" is 
an antibody produced by or cell transformed with DNA 
encoding the light and heavy chains of a given 
immunoglobulin molecule. 

20 As used herein, a "humanized recombinant 

antibody" is an antibody initially derived from a 
nonhuman mammal in which recombinant DNA technology has 
been used to substitute some or all of the amino acids 
not required for antigen binding with amino acids from 
. 25 corresponding regions of a human immunoglobulin light 
or heavy chain. 

As used herein, a "chimeric recombinant 
antibody" is an antibody derived initially from a 
nonhuman mammal, in which recombinant DNA technology 

30 has been used to replace all or part of the hinge and 
constant regions of the heavy chain and/ or the constant 
region of the light chain, with corresponding regions 
from a human immunoglobulin light chain or heavy chain. 
As used herein, "immunoprophylactically 

35 effective" means the ability to induce in a normal 
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individual an imaune response sufficient to protect 
said patient for some period of tine against 
W. gonorrhoeae infection. 

As used herein, "iaununotherapeutically 
5 effective" means the ability to induce in a treated 
patient an immune response sufficient to prevent some 
or all of the effects of W, gonorrhoeae infection. 

As used herein, "diagnostically effective" 
means the ability to detect antibodies against the 
10 oligosaccharide antigens of N. gonorrhoeae in vivo or 

An vAtrq. 

Anti-Idiotypic Antibodies 

And Their Use In Compositions 

And Methods According To This Invention 

15 One aspect of the present invention is 

directed to anti-idiotypic antibodies or fragments 
thereof, that react with an idiotype directed against 
an oligosaccharide antigen of N. gonorrhoeae , which 
oligosaccharide epitope is not present in human blood 

20 group antigens, and to cells which produce said 
antibodies or fragments. 

The technology for producing monoclonal 
antibodies is known to those of skill in the art. 
Briefly, an immortal cell line (typically murine 

25 myeloma cells) is fused to lymphocytes (typically 

splenocytes) from a mammal immunized with a preparation 
comprising a given antigen, and the culture 
supernatants of the resulting hybridoma cells are 
screened for antibodies against the antigen (31) . 

30 To produce the anti-idiotypic monoclonal 

antibodies of the present invention, one may use any 
antibody (Abl) reactive with an oligosaccharide antigen 
of N. gonorrhoeae as the immunogen, or hybridoma cells 
producing said antibody. We used mAb 2C7 producing 

35 hybridoma cells as the immunogen (Abl) to produce the 
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anti-idiotypic nonoclonal antibody (Ab2) exemplified in 
this invention. We prepared nAb 2C7 producing 
hybridoma cells by using spleen cells from mice 
immunized with outer membranes from N, gonorrhoeae , 
5 Alternatively, one may also use ptirified LOS of 
N. gono rrhoeae as the ixomunogen to produce Abl. 

Another approach for the production of Abl, 
would be to use the exemplified anti-idiotypic antibody 
of this invention as the immunogen to produce anti- 
10 anti-idiotypic antibodies (Ab3) which are functionally 
similar to mAb 2C7. These Ab3 antibodies may then be 
used to generate antibodies that react with an idiotype 
directed against an oligosaccharide antigen of 

qopoyy^oea^e but not directed against human blood 
15 group antigens. 

Immunization may be accomplished using 
standard procedures. The unit dose and immunization 
regimen depend on the species of mammal immunized, its 
immune status and factors including the body weight of 
20 the mammal. Typically, the immunized mammals are bled 
and the serum from each blood sample is assayed for 
particular antibodies using appropriate screening 
assays. 

Typically, the immortal cell line (e.g., a 
25 myeloma cell line) is derived from the same mammalian 
species as the lymphocytes. Preferred immortal cell 
lines are mouse myeloma cell lines that are sensitive 
to culture medium containing hypoxanthine, aminopterin 
and thymidine ("HAT medium"). HAT-sensitive mouse 
30 myeloma cells are fused to mouse splenocytes using 

polyethylene glycol (e.g., PEG 3350) (35). Hybridoma 
cells resulting from the fusion are then selected using 
HAT medium, which kills unfused and unproductively 
fused myeloma cells (unfused splenocytes die after 
35 several days because they are not transformed). 
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Hybrldomas producing a desired antibody are detected by 
screening the hybridoma culture supernatants using 
assays which detect HAbs i having the desired 
specificity. 

5 To produce anti-idiotypic antibodies 

according to the present invention, hybridoma cells 
that test positive in screening assays as described 
herein are cultured in a nutrient mediiun under 
conditions and for a time sufficient to allow the 

10 hybridoma cells to secrete the monoclonal antibodies 

into the culture medium. Tissue culture techniques and 
culture media suitable for hybridoma cells are well 
known. The conditioned hybridoma culture supernatant 
may be collected and the antibodies optionally further 

15 purified by conventional methods. 

Alternatively, the desirea antibody may be 
produced by injecting the hybridoma cells into the 
peritoneal cavity of a mouse primed with 2,6,10,14- 
tetramethylpentadecane (PRISTANE, Sigma Chemical Co., 

20 St. Louis, MO) . The hybridoma cells proliferate in the 
peritoneal cavity, secreting the antibody which 
accumulates as ascites fluid. The antibody may be 
harvested by withdrawing the ascites fluid from the 
peritoneal cavity with a syringe. 

25 Recombinant antibodies of the present 

invention may be produced using conventional 
recombinant DNA techniques, e.g., by transforming a 
host cell with a suitable expression vector comprising 
DNA encoding the light and heavy immunoglobulin chains 

30 of a desired antibody. In addition, it is possible to 
produce recombinant chimeric antibodies, wherein some 
or all of the hinge and constant regions of the heavy 
chain and/or the constant region of the light chains of 
an antibody of this invention have been substituted 

35 with corresponding regions of an immunoglobulin light 
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or heavy chain of a different species, and recombinant 
"humanized" antibodies prepared by CDR grafting, in 
which all but the complementarity determining region (s) 
of an antibody are replaced by corresponding parts of a 
5 human antibody, to reduce the antigenicity of the 
antibody (26, 62, 68). 

Furthermore, the present invention includes 
antigen binding fragments of the antibodies described 
herein, such as Fab, Fab', F(ab)2# and F(v} fragments, 

10 fragments comprised of one or more complementarity 

determining region(s) (CDRs) , single chain antibodies, 
heavy chain monomers or dimers, light chain monomers or 
dimers, and dimers consisting of one heavy chain and 
one light chain. Such antibody fragments may be 

15 produced by chemical methods, e.g., by cleaving an 
intact antibody with a protease, such as pepsin or 
papain, or via recombinant DNA techniqnies, e.g., by 
using host cells transformed with truncated heavy 
and/or light chain genes. Synthetic methods of 

20 generating such fragments are also contemplated. Heavy 
and light chain monomers may similarly be produced by 
treating an intact antibody with a reducing agent such 
as dithiothreitol or 6-mercaptoethanol or by using host 
cells transformed with DNA encoding either the desired 

25 heavy chain or light chain or both. 

In one embodiment of the present invention, 
anti-idiotypic antibodies or fragments thereof that 
react with an idiotype that is directed against an 
oligosaccharide antigen of N . gonorrhoeae may be 

30 administered to uninfected individuals to induce a 
specific immune response directed against gonococcal 
organisms or cells bearing said oligosaccharide 
antigen. Such an immune response can be 
immunoprophy lactic in character in that it would 
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prevent an infection should the recipient be exposed to 
the gonococcal organism* 

In another embodiment, patients already 
infected with N> gonorrhoeae or exhibiting symptoms of 
5 gonorrheal infection may be immunotherapeutically 
treated with the antibodies or fragments produced by 
using the antibodies {Ab2) , (Ab3) or fragments of the 
present invention as immunogen. 

For therapeutic and prophylactic uses, the 

10 anti- idiotypic antibodies and antibody fragments of the 
present invention may be formulated as a pharmaceutical 
composition comprising an immunotherapeutically or 
immunoprophylactically effective amount of the antibody 
or antibody fragment admixed with a pharmaceutically 

15 acceptable carrier, the amount being effective to 
significantly kill the infecting organism in the 
presence of complement, or to opsonize the infecting 
organism to permit phagocytic killing by the host PMNs. 
In monotherapy for treatment or prophylaxis of diseases 

20 characterized by N> gonorrhoeae infection, 

immunotherapeutically or immunoprophylactically 
effective amounts per unit dose of an intact antibody 
range from about 0.1 to about 10 mg/kg patient weight, 
preferably about 1 mg/kg patient weight. Unit doses 

25 should be administered from twice each day to once each 
day for one week. It will be recognized, however, that 
lower or higher dosages and other administration 
schedules may be employed. 

The preferred pharmaceutical compositions of 

30 this invention are similar to those used for passive 
immunization of humans with other antibodies. 
Typically, the antibodies of the present invention will 
be suspended in a sterile saline solution for 
therapeutic uses. The pharmaceutical compositions may 

35 alternatively be formulated to control release of the 
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active ingredients or to prolong their presence in a 
patient's system. Numerous suitable drug delivery 
systems are known and include, e.g., implantable drug 
release systems, hydrogels, hydroxymethylcellulose, 
5 microcapsules, liposomes, microemulsionis, microspheres, 
and the like. 

The pharmaceutical compositions of this 
invention may be administered by any suitable means 
such as orally, intranasally, subcutaneous ly, 

10 intramuscularly, intravenously, intra-arterially, or 
parenterally. Ordinarily, intravenous (i.v.) or 
parenteral administration will be preferred. 

It will be apparent to those of ordinary 
skill in the art that the immunotherapeutically 

15 effective or immunoprophylactically effective amount of 
antibody or fragments thereof of this invention will 
depend, inter alia, upon the administration schedule, 
the unit dose of antibody or fragment administered, 
whether the antibody or fragment is administered in 

20 combination with other therapeutic agents, the immune 
status and health of the patient, the therapeutic 
activity of the antibody or antibody fragment 
administered and the judgment of the treating 
physician. 

25 The anti-idiotypic antibodies or fragments 

thereof according to the present invention may also be 
labeled and used in screening methods, diagnostic 
methods or assays for detecting antibodies reactive 
with oligosaccharide antigens of N> gonorrhoeae in 

30 vitro or In vivo . These include, for example, enzyme- 
linked immunosorbent assays (ELISAs) . For example, 
samples may be screened for the presence of antibodies 
reactive with oligosaccharide antigens of 
N. gonorrhoeae by contacting the sample with a labeled 

35 anti-idiotypic antibody of the present invention and 
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det ctlng the label. Similarly, anti-anti-idiotypic 
antibodies (Ab3) may also be prepared and used for 
detecting the presence of gonococcal oligosaccharide 
(OS) antigen present in clinical samples. Accordingly, 
5 this invention includes diagnostic kits comprising 
detectably labeled anti-idiotypic antibodies or 
fragments or anti-anti-idiotypic antibodies or 
fragments of this invention, as a reagent, and complete 
instructions for using the reagent to detect antibodies 

10 reactive with oligosaccharide antigens of 

N. gonorrhoeae or the oligosaccharide antigens 
themselves. Detection methods according to this 
invention may comprise the steps of applying anti- 
immunoglobulin antibodies to a solid support; applying 

15 a biological sample to the solid support; removing the 
excess biological sample from the solid support; 
applying detectably labelled antibodies or fragments 
according to this invention to the solid support; 
washing the solid support and assaying for the presence 

20 of label on the solid support. 

Suitable labels may be radioactive, 

enzymatic, fluorescent, magnetic or chemiluminescent . 

Radiolabeled antibodies are prepared in known ways by 

coupling a radioactive isotope such as ^H, ^^P ^^s 
59 1 25 ' 
25 Fe, I, which can then be detected by gamma counter, 

scintillation counter or by autoradiography. Anti- 
idiotypic antibodies and anti-anti-idiotypic antibodies 
of this invention may be suitably labeled with enzymes 
such as yeast alcohol dehydrogenase, horseradish 
30 peroxidase, alkaline phosphatase, and the like, then 
developed and detected spectrophotometrically or 
visually. Suitable fluorescent labels include 
fluorescein isothiocyanate, f luorescamine, rhodamine, 
and the like. Suitable chemiluminescent labels include 
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luininol, imidazole, oxalate ester, luciferin, and the 
like. 

In order that this invention may be better 
understood, the following examples are set forth. 
5 These examples are for purposes of illustration only, 
and are not to be construed as limiting the scope of 
the invention in any manner. 

Materials and Methods 
10 I. Strains 

Two serum resistant gonococcal strains, WG 
(DGI-1) (25, 44, 45) and 71H (DGI-S) (12, 43), and one 
serum sensitive strain 24-1 (12, 36) were used. All 
strains were stored at -70"C in 20% glycerol/Tryptic 
15 Soy Broth. 

II. Antji,qeps 

(a) Preparation of lipooliaosaccharide fLOS^ 

LOS (containing the 2C7 epitope) was prepared 
from our prototype serum sensitive strain (SS) of 

20 N. gonorrhoeae . 24-1, by a modification of the hot 

phenol water extraction procedure (18, 67). Organisms 
were removed from purified frozen culture 
stocks (-70**C) and inoculated onto chocolate agar 
plates. Plates were incubated for 16-18 hours at 37*>C 

25 in a candle extinction jar. Overnight growth from one 
plate was subcultured onto 10 plates (and incubated as 
above) and then to 100 plates to produce confluent 
lawns of organisms. The organisms were carefully 
removed with a sterile rubber spatula (without scraping 

30 the agar) and resuspended in 100 ml of ice-cold sterile 
normal saline (0.9% NaCl) • Organisms were centrifuged 
(5000 X g) for 10 minutes, at 40.C, and the pellets 
washed two times by resuspending the cells in ice-cold 
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normal saline and re-centrifuged. The final pellets 
were resuspended in 10 ml of sterile cold deionized and 
distilled water and lyophilized. 

Dried whole organisms were resuspended in 
5 deionized and distilled water at a ratio of 1 giQ/21 ml 
(wt./vol.)# and heated to 65*C, while stirring 
constantly. Equal volumes of 90t Phenol (Fisher 
Scientific, Medford, MA) were then added and the 
mixtures stirred constantly at 65 for 15 minutes. 

10 The mixtures were transferred to 50 ml glass pentrifuge 
tubes, cooled to 10<>C, then centrifuged (5000 x g) for 
15 minutes at 4*C. The top aqueous layers (containing 
LOS and nucleic acids) were gently removed to a 
separate tube using Pasteur pipettes without disturbing 

15 the intermediate white cloudy layers. Equal volumes of 
deionized and distilled water were added to residual 
material in the tubes and the extraction procedures 
repeated. Aqueous layers were combined and centrifuged 
to remove insoluble material. The supernatants were 

20 then dialyzed (using a 10,000 MW cutoff dialyzing bag; 
Fisher, Medford, MA) in cold distilled deionized water 
for 2 weeks (changing the water outside thrice weekly) . 
Following dialysis, the LOS was precipitated by adding 
6 volumes of cold 0.05M sodium acetate in 95% ethanol 

25 at -20'»C for > 4 hours. Precipitates were removed by 
centrifugation (5000 x g) for 15 minutes at 4»C and the 
remaining ethanol was allowed to evaporate. The dried 
pellets were resuspended in deionized and distilled 
water and ultracentrif uged (105,000 x g) for 3 hours at 

30 4»C. The resulting pellets were washed by resuspending 
them in distilled and deionized water and 
ultracentrifuged (as above) repeatedly to remove the 
remaining nucleic acids (i.e., until the OD 
measurements {at 280 and 260 nm] of the supernatants 

35 were <0.01). The final clear pellets, containing LOS, 
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V re resuspended in a small volume (approximately 0.5 
ml) of deionized and distilled water and lyophilized. 
Dried LOS powder was weighed and stored at room 
temperature. This material was utilized as target 
5 antigen in ELISA assays (to screen hybridoma cells for 
specific antibody production) and as a control 
immunogen in the animal studies. 

(b) Characterization of LOS 
(i) SDS-pftGE 

10 The purity of the LOS antigen was assessed by 

sodiiim"-dodecyl-*sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) • Discontinuous Tris-glycine 
SDS-PAGEs, containing urea, were prepared according to 
Laemmli's procedure (32). The 14% T separating gels 

15 (29.2:0.8 ratio of acrylamide : N,N' -methylene 

bisacrylamide in 0.375M Tris, 0.1% SDS,pH 8.8; 25% 
urea) were poured into vertical glass molds and allowed 
to polymerize at room temperature. The 4% T stacking 
gels (29.2:0.8 ratio of acrylamide : N,N» -methylene 

20 bisacrylamide in 0.125M Tris, 0.1% SDS,pH 6.8; 25% 
urea) were layered on top of separating gels. Combs 
(containing 10 mm wide teeth) were inserted into the 
stacking gels to provide lanes into which the samples 
were to be added and polymerization of the gels allowed 

25 to occur at room temperature. Combs were removed and 
the lanes were washed with deionized and distilled 
water. 

Prior to electrophoresis, LOS was added to 
digestion buffer (4.4% SDS in 0.18M Tris-HCI, 14.7% 
30 glycerol, 1.4% dithiothritol, pH 6-8; 25% bromophenol 
blue [l^g/Ml]) and boiled for 10 minutes. To estimate 
the molecular weights (MW) of each of the 
electrophoresed LOS samples, molecular weight protein 
standards (MW 14.4 KD200 KD) from Bio-Rad (Richmond, 
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CA) were also prepared in the digestion buffer at a 
concentration of 5 /il of standard/ 100 fil of digestion 
buffer. 

Aliguots of 10 M9/10 ^1 of each sample 
5 solution or 10 ^1 of MW standard solution was added to 
lanes of the SDS-PAGE and electrophoresed in electrode 
buffer (0.025M TrJ.s, 0.2N glycine and 0.1% SDS) at a 
constant current of 70 mA for 2.5 hours at 10-15 
The LOS bands were visualized by silver staining (Bio- 
10 Rad silver stelin kit) . 

III. Antibodies 

(a) Production of idiotype antibody (Abl) 
hvbridoina cells 

The hybridoma cell line that produces mAb 2C7 

15 (Abl) , is an IgG3X that is directed against an epitope 
widely expressed An v4vp by N. gonorrhoeae, it was 
prepared by fusion of the mouse myeloma cell line 
Sp2/0-Agl4 to spleen cells obtained from a Strain A 
mouse which had been immunized with whole gonococcal 

20 outer membranes. Individual cells, secreting 
antibodies directed against the OS epitope of 
gonococcal LOS, were subcloned by limiting dilution, 
and subseguently stored in liquid nitrogen (36) . 

A frozen vial of the 207 cell line was 

25 removed from liquid nitrogen (on dry ice) and thawed by 
warming manually as quickly as possible. When the 
cells were almost thawed (i.e., with a little ice 
remaining) , the outside of the vial was wiped with 70% 
ethanol before removing the cap. Cells were 

30 transferred to a 0.5 ml centrifuge tube, containing 
10 ml of ice cold Iscove's medium (Iscove's modified 
Dulbecco*s medium containing 4mM L-glutamine, 5 nq/ml 
gentamicin and 10% fetal bovine serum) and centrifuged 
gently (200 x g) for 5 minutes. The supernatants were 
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removed and the cells resuspended in 10 ml of fresh 
ice-cold Iscove's medium. After mixing gently, the 
cells were transferred to 2 wells of a 6-vell tissue 
culture plate and incubated at 27 in a 5% CO2 
5 incubator. After the cells were grown to confluent 
monolayers, they were diluted 1:10 and again allowed to 
grow to confluency. Antibody production was checked 
periodically to confirm that the cells maintained their 
ability to produce antibody. 

10 Two ml of 10® mAb 2C7 secreting cells, was 

added to a 162 cm^ tissue culture flask containing 150 
ml of fresh Iscove's medium and incubated at 37 (5% 
CO^) until the hybridomas died. At this time, 
supernatants contained maximum concentrations of 

15 antibody. Cell debris was removed by centrifugation 
(1000 X g) for 10 minutes, and the supernatants were 
stored at -20«*C (100 mis/flask) . Antibody was later 
purified from these supernatants (Section III b) . 

Some of the viable antibody producing cells 

20 were washed twice by centrifuging (2000 x g; 4»C) and 
resuspending them in Hanks balanced salt solution 
containing Ca^"^ and Mg^**" ions (HBSS"^'^) (Sigma). These 
cell pellets were resuspended in HBSS^"*', at a 
concentration of 10^ viable cells/0.5 ml. These cell 

25 suspensions were used to immunize mice to produce anti- 
idiotypic antibody (Ab2) (Section IV a) . 

(b) Purification of id iotypic antibody 2C7 (Ahl) 
Approximately 100 ml of frozen mAb 2C7 
(IgG3X) supernatant was thawed to room temperature. An 
30 equal volume of O.IM Phosphate buffer pH 7.0 (PBS) was 
added, and the mixtures applied slowly (10 mls/hr) to a 
5 ml anti-mouse IgG3-agarose column (Sigma, St. Louis, 
MO). These columns have the capacity to bind 0.4 mg 
(minimum) of mouse IgG3/ml of antibody-agarose. After 
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the supernatants were applied, the columns were washed 
with PBS until the OD280/ of the fall through fractions, 
reached zero* Bound antibody, was then eluted from the 
column with O.IH glycine-HCl (pH 3.0). To preserve 
antibody activity, the pH of the eluted fractions was 
neutralized immediately by collecting eluent fractions 
of antibody in tubes containing equivalent volumes of 
0.2N TriS'HCl (pH 8.0) in 0.5M NaCl. Fractions with 
OD23Q ^^^dings above background, were combined and 
concentrated to 0.5 mg protein/ml, using a Centricon 30 
microconcentrator (Amicon; Beverly, MA) , dialyzed 
against normal saline, and filter sterilized. 100 ^1 
aliguots were stored at -20 *C. This antibody was used 
in ELISA assays to screen hybridomas for Ab2 
production, and in functional assays, such as the 
bactericidal assay and the opsonophagocytosis assay. 

(c) Biotinvlation of Abl 

Purified mAb 2C7 (IgG3X) was labelled with 
biotin (NHS-LC-biotin; Pierce, Rockford, XL) . Briefly, 
purified antibody (Section III b) was dialyzed against 
50mM Bicarbonate buffer (pH 8.5), using 75,000 MW 
cutoff collodion bags (Schleicher and Schuell, Keene, 
NH) . Dialyzed antibody was transferred on ice to 
16x125 mm glass test tubes and biotin was added at a 
ratio of 1.7 nmol biotin/ 1 molecule of IgG. This ratio 
was predetermined, using methods described by Hnatowich 
et al. (22) and Green (19). 

The reaction mixtures were incubated on ice 
for 2 hours. To remove free biotin, the mixtures were 
centrifuged (1000 x g) two times (30 minutes each), 
using a Centricon 30 microconcentrator. The sample was 
washed with O.lM phosphate buffer pH 7.0, and 
centrifuged again in the Centricon 30. After dilution. 
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biotinylated antibody was removed from the Centricon 30 
and stored at -20<>C in 50^1 aliquots. 

(i) Direct ELISA assay 

A direct ELISA (Enzyme Linked Immuno Sorbent 
5 Assay) was used to test the biotin labelled mAb 207 for 
retention of binding specificity to LOS and to detect 
the presence of biotin on the antibody. Ninety-six 
well Immulon U-bottom polystyrene microtiter plates 
were used for all ELISA assays (Dynatech; Chantilly, 

10 VA) • Microtiter wells were coated with 100 ^1 of a 
1/200 dilution of whole gonococci in carbonate buffer 
(1.59 g NajCOg, 2.93 g NaHCOg, 0.2 g NaNg dissolved in 1 
liter distilled deionized water, pH 9.6). The plates 
were incubated at 37 »C for 3 hours (shaking at 100 

15 rpm) , and then stored overnight at 4*C. After removal 
of residual gonococci (the antigen solution) , the wells 
were washed three times with 200 ^Is/well of O.OIM PBS 
with 0.05% Tween 20 (PBS-Tween) . The plates were 
blotted dry on a paper towel and then immersed in a 

20 glass dish containing PBS-Tween. A stir bar was placed 
on top of the plate and stirred (>30 minutes) at slow 
speed to rinse the wells with wash solution. Then the 
plate was blot dried again. 

Various dilutions of biotin-labelled and 

25 unlabelled antibody (mAb 207), diluted in PBS-Tween, 
were added to the appropriate antigen coated wells and 
incubated for 1 hour at 37 'O (on a shaker). Plates 
were washed and dried as above. Next, 100 /il of 
alkaline phosphatase conjugated anti-mouse IgG or 

30 conjugated avidin (diluted 1/1000 in PBS-Tween) was 

added to the appropriate wells and incubated again for 
1 hour at 37"0 (shaking at 100 rpm) . Conjugated anti- 
mouse IgG was used to detect the binding specificity of 
biotinylated antibody to LOS and conjugated avidin used 
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to detect the presence of biotin on nAb 2C7. Plates 

were washed and dried as above. 

After the final wash, 100 /il of the substrate 

solution (one p*nitrophenyl phosphate tablet [Sigma 104 
5 substrate tablet] /5 ml of diethanolamine buffer, pH 

9.8) was added to each well. Development of color was 

read at 405 nm, on a Dynatech ELISA plate reader. 

Measurements were taken at time 0 and the color 

reaction was allowed to develop at 25«C for 30 minutes 
10 (readings were taken every 5 minutes) . Negative 

controls (each missing one of the components) were 

included in the plate. 

The biotin labelled antibody was later used 

in ELISA assays to screen hybridomas for Ab2 
15 production. 

(d) Monoclonal antibody 2C3 

mAb 203 (subclass IgGlic) binds to a highly 
conserved surface exposed gonococcal lipoprotein 
epitope, designated H.8 (2). The 2C3 cell line was 

20 stored in liquid nitrogen and antibody was produced 

from the cell line, using the method described earlier 
for mAb 2C7 production. 203 was purified from 
supernatants using methods substantially similar to 
those described to purify 207, with the exception that 

25 anti-IgGl antibody was used as the ligand on the solid 
phase instead of an anti-IgG3 (Section III a and b) . 
Purified antibody was labelled with biotin (NHS-LC- 
biotin) according to the procedure described above 
(Section II c) . The biotinylated antibody was stored 

30 at -20<^C (100 /il aliquots) and was used later in the 
opsonophagocytic assay (Section VI [ii]) to detect 
organisms adherent (but not ingested) on human 
polymorphonuclear leukocytes (PMNs) . 
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(e) Screening for possible cross-reactivity of 

2C7 epitope with major and minor human blood 
group antigens 

To assess possible cross-reactivity with 
5 major ABO blood group antigens, 24-1 LOS was affixed to 
solid phase, pre-incubated with mAb 2C7 followed by 
incubation with NHS blood typing sera (types A, B or O) 
and recognition by either anti-human IgG or IgM mAb 
conjugated to alkaline phosphatase. Next, mAb 2C7 in 

10 PBS was incubated with types A^, A2f B or 0 

erythrocytes (type O erythrocytes sensitized with 24-1 
LOS were used as a positive control) in a routine 
hemagglutination assay. Routine typing sera (A and B) 
were also incubated with LOS-sensitized erythrocytes. 

15 The agglutination assays were repeated using 

erythrocytes which had been pre- treated with trypsin or 
neuraminidase (37) to expose epitopes obscured by 
sialic acid. 

Possible cross-reactivity of the 2C7 epitope 

20 with minor blood group antigens known to cross-react 
with gonococci was first assessed by ELISA measurement. 
The carbohydrate sequence specificities of mAbs which 
bind to both gonococci and human glycosphingolipid 
antigens are as follows: mAbs 3F11 and 06B4 bind to 

25 branched and linear epitopes (formed by 

Gal61-*4GlcNAc61-^3GalBl-4Glc) , respectively (36, 37); 
3D9 (anti-P*) binds to Galal-*4Gal61-*4Glc-ceramide [cer] 
(69); 4C8 (gift of M.A. Apicella) binds to 
GlcNAcBl-3Gal6l-*4Glc; 4C4 binds to Galal-^4Gal (70) ; 

30 SH-34 and 103HT30 bind to asialo-GMl 

(GalBl-3NAcBl-»4Gal61-^4Glc-cer) , but 103HT30 does not 
bind to gonococci (71) ; and 2D4 to asialo-GM2 
(GalNAc61-4GalBl-*4Glc-cer) (71) . Direct binding of 
these mAbs to solid phase LOS and whole organisms 

35 (strain 24-1, growth both in the presence and absence 
of CMP-NANA) was measured first. The ability of 
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mAb 2C7 to inhibit binding of those mAbs which bound to 
either solid phase LOS or whole organisms was 
subsequently assessed by inhibition ELISA. 

IV. Development of anti-idiotvpe antibody fAb2) 

5 (a) Murine Immunization with anti-idiotype 
antibQ^^y fAb2) 

Monoclonal anti-idiotype antibody (Ab2) was 
prepared by immunizing pristane-treated BALB/C mice 
(Jackson Laboratory, Bar Harbor, ME) intraperitoneal ly 
10 with 10^ hybridoma cells secreting 2C7 mAb (Abl) 

(Section III a) . Injections were given weekly for 4 
weeks. Spleen cells from these immunized mice were 
used to generate anti-idiotype antibody (Ab2} as 
described below. 

15 (b) Cell Fusion to generate anti-idiotype 
^ntilDodY fAb2) 

Sp2/0-Agl4 myeloma cells were thawed from 
liquid nitrogen stocks (as in Section III a) a week 
prior to the fusion and grown in Iscove's medium 

20 supplemented with 10% fetal bovine serum. Myeloma 
cells were visually monitored by light microscopy to 
ensure viability and rapid division prior to their use 
in the fusion assays. One day before the fusion, the 
cells were fed with fresh medium. 

25 A 35% PEG solution (PEG 4000, American Type 

Culture Collection, Rockville, MD) was prepared by 
melting solid PEG on a hot plate and then cooling it to 
37 'C. 3.71 ml of pre-warmed sterile Iscove's medium 
(without sertun) was added to 2 grams of sterile PEG. 

30 Aliquots of Iscove's with PEG (2 mis/tube) were stored 
at -20*C and thawed prior to use. 

Thirty-two days after the primary 
immunization (3 days after the final boost) , the 
immunized mouse (Section IV a) was sacrificed by 
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cervical dislocation. The spleen was removed 
aseptically and placed in a 10 nun tissue culture dish 
containing 7 ml of prewarmed PBS. The spleen was 
teased apart with two sterile forceps until most of the 
5 splenocytes were released. The cell clumps were 
further disrupted by pipetting several times. The 
resulting cell suspension was transferred to a 15 ml 
polypropylene centrifuge tube, leaving behind the 
larger pieces of tissue and cell clumps. Another 

10 volume of 7 ml of PBS was added to the remaining clumps 
and again they were pipetted and combined with the 
other suspension (14 ml total). After mixing, the cell 
suspension was allowed to sit for 2-3 minutes to permit 
settling of large clumps to the bottom of the tube. 

15 The suspended cells were carefully removed from the 
sediment and transferred to another tube. One ml of 
PBS was added to the remaining sediment and disruption 
of the clumps was attempted by pipetting. After 
settling for 2 minutes, this supernatant was removed 

20 and added to the 14 ml collected earlier. Next, the 
entire cell suspension was centrifuged for 10 minutes 
(250 X g) at room temperature and washed twice in PBS. 
Concomitant with the second wash, myeloma cells (Sp2/0- 
Agl4, prepared above) were collected and centrifuged in 

25 a separate tube. In a third wash, the spleen cells and 
the myeloma cells were washed separately in Iscove*s 
medium (without serum) . An aliquot of spleen cells and 
myeloma cells which had been removed before the final 
wash and spin were counted. 

30 Approximately 10^ spleen cells were 

resuspended in 10 ml of fresh medium to which 10^ 
myeloma cells were added for a 10:1 ratio of 
myeloma: spleen cells. The cell mixture was centrifuged 
(250 X g) for 5 minutes at room temperature and the 

35 medium was decanted (removing as much media as 
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possible) • Two ml of 35% PEG (at room temperatxire) was 
mixed into the cell suspension, over 2 minutes. The 
cells were centrifuged (500 x g) for 3 minutes at room 
temperature and were allowed to stand for 3 minutes 
5 without removing the supernatant^ Fifty ml of Iscove's 
medium (without serum) was added slowly to the cells, 
gently mixed (to dilute PEG) and centrifugeted (250 x 
g) for 5 minutes at room temperature. The supernatant 
was carefully aspirated and the cells were resuspended 

10 in 60 ml of Iscove's medium supplemented with. 15% fetal 
bovine serum (FBS) and KT (lOO/iH hypoxanthine and le^N 
thymidine) . Cells were transferred to 60 wells (two 
4 8 -well flat bottom tissue culture plates) , in 1 ml 
aliquots and incubated at 37^C, in a 7% CO2 incubator. 

15 At 24 hours, 1 ml of medium supplemented with 15% FBS 
and HAT (100 /xM hypoxanthine, 0*4 mM aminopterin and 
16/iM thymidine), was added to each well* Cells were 
examined twice weekly, for 2 weeks and 50% of the media 
was replaced with fresh media, supplemented with HAT. 

20 After 2 weeks, the cells were fed twice weekly, 

replacing 50% of the spent media with medium containing 
HT. Then cells were weaned off HT completely and were 
grown in Iscove*s medium (without HAT or HT) . Cell 
supernatants were screened for production of anti- 

25 idiotype antibody (Ab2), 14 days post fusion. 

(c) pcreeninq of ayitj-ijdj^otYpe aptjbody 

(i) Immunodot assay 

Supernatants from antibody-producing 
hybridoma cultures were screened initially for anti- 
30 idiotype (Ab2) by an immunodot assay (21). Immobilon 
PVDF membranes (Millipore) were pre-treated in methanol 
for 2 seconds, washed with deionized and distilled 
water for 2 minutes, then placed in 0.7% acetic acid 
for 30 minutes. A capillary spotting station was 
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prepared by placing 2 layers of wet filter paper on top 
of several layers of dry paper towels. The wet 
membranes were placed on top of the filter paper, 
removing air bubbles between the membranes and the 
5 filter papers. Fifty ^1 of the supernatants were 
applied to membrane surfaces as small dots. LOS 
antigen, diluted in PBS (20 Mg/50 /il) , was used as a 
positive control. Fifty m1 of media and 50 m1 of 
supernatant from non-antibody producing cells were used 

10 as two negative controls. These controls were applied 
to the membranes in a similar fashion. Membranes were 
washed and developed according to the procedure of 
Blake et al. (3). Briefly, membranes were incubated in 
blocking buffer (PBS containing 0.5% Tween 20) for 2 

15 hours at room temperature. This was followed by 

placing the membranes in a solution of biotin-labelled 
antibody 2C7 (Abl) (Section III c) , diluted 1/500 in 1% 
BSA-PBS containing 0.5% NaCl. Membranes were incubated 
overnight at 4<*C on a to-and-fro shaker (100 rpm) and 

20 were then washed by placing them three times in fresh 
blocking buffer, for 5 minutes. each time at room 
temperature. Next, the membranes were incubated in a 
1/1000 dilution of alkaline phosphatase labelled avidin 
(Sigma) in 1% BSA-PBS, for 2 hours at room temperature, 

25 on a shaker and then washed three times in blocking 
buffer and once with 0.15M Veronal acetate buffer (pH 
9.6). Stock solutions for the alkaline phosphatase 
substrate were made as follows: 5-bromo-4-chloro 
indoxyl phosphate (5 mg/ml) in dimethylf ormamide (US 

30 Biochemicals Corp, Cleveland Ohio), NBT (1 mg/ml in 
Veronal acetate buffer (US Biochemicals Corp) and 2M 
MgCl2. 20 Ml of MgCl2, 1 ml of 0.1% NBT, 0.1 ml of 
indoxyl phosphate and 9 ml of Veronal acetate buffer 
were mixed and added to the washed membrane and 

35 incubated at room temperature, on a shaker, until color 
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developed. The reaction was stopped by washing the 
aembranes with deionized and distilled water. 

(ii) ilffotYpinq assa^y 

A xnAb-based isotyping system for mouse 
5 immunoglobulins (Gibco BRL) was used to isotype cell 
supernatants that screened positive for anti-*idiotype 
(e.g., they were positive in the immunodot assays 
above) • The assay was performed according to the 
instructions provided by the manufacturer. All the 

10 reagents were provided in the kit. The assay was 
performed as follows. 

Anti-mouse isotype specific antibody (i.e., 
anti-IgGI, anti-IgG2a, anti-IgG2b, anti-IgG3, anti- 
IgM, and anti-IgA) and antisera specific for the 

15 immunoglobulin light chains (k and X) were diluted 5 
fold in 50 mM Tris, 200 mM NaCl (pH7.5) (TBS). Fifty 
Ml of the above antibody dilutions, were added to wells 
of U-bottom, 96-well Immulon I plates (Dynatech) . 
Plates were incubated for 1 hour at 37 "^C, washed 4 

20 times with TBS, containing 0.05% Tween 20, and blotted 
dry on paper towels. 50 m1 of blocking buffer (1% BSA 
in TBS) was added to each well and incubated for 15 
minutes {37''C) . Plates were washed and dried as above, 
and 50 jil of the supernatant samples were added to the 

25 appropriate wells. Fifty ^1 of a positive and a 

negative control, were added to the appropriate wells. 
Plates were incubated for 1 hour (37»C), washed, and 
dried as above. Fifty ^1 of alkaline phosphatase- 
conjugated rat anti-mouse Ig was added to each well and 

30 incubated for 1 hour (37«C) . Plates were washed and 
dried; 50 ^1 of substrate solution (10% [w/v] 
diethanolamine (pH 9.8), 0.5 mM MgClj, 0.02% [w/v] 
sodium aside; provided in the kit) was added to each 
well and incubated for 30 minutes (37»C) The wells 
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vere examined for a color reaction, using a Dynatech 
ELISA reader. If the cell supernatant contained mAbs 
of a particular isotype, a color reaction was detected* 
The optical densities (OD^Qg) of the samples vere 
5 compaured to the positive and negative controls. 

(iii) Competitive ELISA 

Individual wells of a U-bottom, 96-^well 
Immulon I plate (Dynatech; Chantilly, VA) were coated 
with 100 Ml of LOS (80 Mg/ml) prepared from 24-1 

10 gonococci (Section II a) diluted in barbital acetate 

buffer (pH 4.6) (34). The plate was incubated overnight 
as described above (Section III c [i]). 

The following day, dilutions of supernatants 
(in PBS-Tween 20) from anti-idiotype antibody (Ab2) 

15 producing cells were mixed with a fixed amount of 

biotin-labelled Abl (Section III c) , in a 12 x 75 mm 
glass test tube, and incubated at 37 •C, in a shaking 
water bath for 1 hour to saturate the binding sites on 
Abl. The amount of biotin labelled Abl used (when 

20 detected with alkaline phosphatase labelled avidin) was 
predetermined, as that dilution that gave an OD ^ 

405 

reading of approximately 0.4 after 30 minutes (at room 
temperature) . 

The plate was washed and dried (as in the 

25 direct ELISA assay). One hundred ^1 of the Abl:Ab2 

mixture was added to the wells and incubated for 1 hour 
at 37 •C, on a shaker. After removing residual Abl:Ab2 
mixture, 100 ^1 of alkaline phosphatase-labelled avidin 
(Sigma) (1/1000 in PBS-Tween) was added. Plates were 

30 incubated for 1 hour at 37 •C, on a shaker and then, 
washed and dried. 100 ^1 of substrate solution (one 
tablet of p-nitrophenyl phosphate [Sigma 104 substrate 
tablet] /5 ml of diethanolamine buffer, pH 9.8) was then 
added to each of the wells. The color reaction was 
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read at OO^q^ on a Dynatech ELISA plate reader as 
described above. (Section III c [i]). The color 
intensity in the reaction mixtures v/ere compared to the 
uninhibited control (unabsorbed Abl) , which was 
5 included on each plate. 

(iv) Displacement ELISA 

In this assay, a fixed amount of biotin 
labelled, mAb 207 (Abl) was added to 24-1 gonococcal 
LOS coated wells and incubated for 1 hour (37*fC) on a 

10 shaker. The plates were washed and dried as described 
above (Section IV c [iii]). One hundred /il of anti- 
idiotype (Ab2) supernatants, diluted in PBS Tween 20, 
were added to appropriate wells to displace the 
conjugated mAb 2 07. The plates were incubated, washed, 

15 and dried as above and the reaction developed as 
described in Section IV c (iii). 

(d) Cloning of hvbridomas 

(i) Soft agarose cloning 

Ab2-secreting hybridoma cells (identified by 
20 screening supernatants by immunodot, competitive and 
displacement assays) were cloned as follows. Three 
percent agarose (Sigma) solution was prepared in 
endotoxin free, sterile water (Sigma) , autoclaved for 
30 minutes, and then cooled to 42** C in a water bath for 
25 5 minutes. This agarose solution remains stable for 6 
months and may be microwaved for future use. Iscove*s 
medium, supplemented with 20% fetal bovine serum (FBS) 
and 10% Origene® Hybridoma Cloning Factor (Igen, Inc., 
Rockville, MD) (42*0), was added to the agarose to a 
30 final concentration of 0.3% agarose. Five ml aliquots 
were added to sterile 60 mm tissue culture dishes, 
allowed to solidify at 4*>C, and then moved to a 37*0, 
5% OO2 incubator for at least 30 minutes. 
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The hybridoma cells were harvested from 
culture plates and resuspended in Iscove's media to a 
final concentration of 10,000 cells/ml. One hundred /il 
aliquots of the cell suspensions were added to 1 ml of 
5 the 0.3% agarose media (prepared above; 42 ^C) . One ml 
of the cell*-agarose-media solution (containing 
approximately 1000 cells) , was pipetted dropwise 
quickly in a circle on top of a tissue culture dish 
containing 5 ml of the solidified 0.3% agarose* At 

10 least 5 dishes were prepared from each cell suspension. 
The dishes were quickly moved to a 4'C work space and 
the top cell-agarose-media layer was allowed to 
solidify for 5 minutes before moving the dishes to a 5% 
COj, 37®C incubator. Microscopic clones appeared after 

15 3-5 days. Individual clones were picked with a sterile 
pipette, transferred to 100 /il of medium in a 96 well 
tissue culture plate, and incubated at 37 *C for 3 days. 
Supernatants from each well were screened for antibody 
production by isotyping ELISA (Section IV c [ii]). The 

20 antibody producing cells, with high titers of antibody 
were grown in larger volumes and checked for specific 
antibody production, in competitive and displacement 
ELISAS. These cloned hybridoma cells were stored in 
liquid nitrogen by slowly freezing them in tissue 

25 culture media containing 10% dimethylsulfoxide (DMSO) . 

(e) Purification of Ab2 

Purification of monoclonal anti-idiotype 
antibody Ab2 (in this case IgM ) employed the same 
method used to purify Abl (Section III b) except that 
30 an anti-mouse IgM bound to agarose was used for 

immunopurif ication. The purified antibody was used to 
produce anti-anti-idiotype antibody (Ab3) . 
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(f) KLH Conjugation of Ab2 

Purified monoclonal anti'-idiotype antibody 
(Section IV e) was coupled to keyhole limpet hemocyanin 
(KLH) with glutaraldehyde, according to the procedure 
5 described by Mishell et al. (38). Purified anti- 
idiotype antibody (1.4 mg) (Ab2; 0.5 mg/ml of 0.9% 
NaCl) , was dialyzed against approximately 100 ml of 
O.IM Phosphate buffer (pH 6.8) then mixed with KLH at a 
ratio of 0.5 mg antibody to 2.5 mg of KLH. Ten ^1 of 

10 aqueous 0.5% glutaraldehyde (fresh) per 0.5 mg of 

antibody was slowly added to the mixture and allowed to 
react for 1 hour at room temperature. The reaction was 
terminated by dialyzing against approximately 100 ml of 
O.IM (NH4)2C03 for 3-4 hours at 4«C, followed by 

15 overnight dialysis against 100 ml of 0.05M phosphate 

buffer (pH 7.5). Precipitates (if any) were removed by 
centrifugation at 10,000 rpm for 15 minutes. The 
supernatant was applied to a Sepharose C1-2B column 
(1x40 cm) equilibrated in 0.05M Phosphate (pH 7.5), and 

20 2 ml fractions were collected. The first peak, which 
includes the Ab2-KLH, was pooled and concentrated back 
to the original volume using a Centricon 30 
microconcentrator. Fifty m1 aliquots were stored at 
-20»C. This material was used for immunizing rabbits 

25 to develop anti-anti-idiotype antibodies (Ab3) 
(Section V b) . 

24-1 gonococcal LOS (500 Mg) , Group C 
meningococcal capsular polysaccharide (C-MCP) (500 ^q) , 
and an irrelevant IgMic mAb (Sigma) (1.5 mg) were also 

30 conjugated with KLH, as above. 24-1 LOS and C-MCP were 
concentrated to 1 ml using Centricon 3 
microconcentrators and irrelevant IgMx mAb was 
concentrated to 2 ml using a Centricon 30 
microconcentrator. These KLH conjugated preparations 

35 were used to immunize control rabbits (Section V b) . 
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V. Development of anti-anti-idiotvt>e antibody (Ah3) 

(a) Immunization of syngeneic mice 
for Ab3 production 

Anti-anti-idiotype antibody (Ab3) was 
5 elicited in 12 week old syngeneic BALB/c mice (Jackson 
Laboratory, Bar Harbor, HE) by intraperitoneal (ip) 
injections of purified Ab2 (1, 10, 100, or 200 ng) in 
0.5 ml sterile PBS. Control mice were immunized with 
either sterile PBS, 10 /xg of irrelevant ZgHic mAb, or 

10 10 Mg of 24-1 gonococcal LOS. The 10 Mg dose was used 
to immunize four mice, one animal was used for each of 
the remaining immunogens. Booster immunizations were 
given ip 2 weeks later with the equivalent dose of the 
original antigen. Mice were tail-bled weekly beginning 

15 on day 0. Their sera were tested in an ELISA (Section 
V c (i)). 

(b) Immunization of xenogeneic rabbits 
for Ab3 production 

six week old New Zealand white rabbits (Pine 
20 Acres Farm, MA) were immunized subcutaneous ly (sc) with 
purified Ab2-KLH (5, 10, 50, or 100 /ig) suspended in 
complete Freund*s adjuvant (CFA) (2 ml of immunogen:2 
ml CFA), at 10 different sites (400 /il/site) on days 0 
and 14. Intravenous (iv) injections (of equivalent 
25 dose; without KLH or CFA) were given on day 42 and sc 
(of equivalent dose; with KLH in CFA) on weeks 28, 30, 
and 32. The rabbits receiving 10 ^g and 100 doses 
of CAl were boosted iv with 50 Mg of Ab2 on week 60. 

Control rabbits were immunized, as above, 
30 with either 100 Mg of 24-1 gonococcal LOS, 100 Mg of 
irrelevant monoclonal murine IgNir or 100 Mg of group C 
meningococcal capsular polysaccharide (C-MCP) (all 
coupled to KLH and suspended in CFA) . Rabbits were 
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bled weekly during the first 7 weeks (via ear artery) 
and then prior to each boost. Sera were tested in an 
ELISA (Section V c [i]), 

(c) Screening of Ab3 ^ntjfetpgiQs 

5 (i) Enzyme Linked Immuno-Sorbant Assay 

Pre- and post-inununization sera from the mice 
and rabbits (Section V a&b) were tested by ELISA for 
anti-anti-idiotype (Ab3) production. U-bottom, 96 well 

10 Immulon I plates were coated (as in Section III c [i]) 
with 100 Ml of 24-1 gonococcal LOS (80 ^g/ml) in 
Barbital acetate buffer, pH 4.66 (10). Plates were 
washed and dried. Sera dilutions (in PBS-Tween 20) 
were added to the microtriter wells and incubated for 

15 1 hour at 37 ^C, on a shaker. After washing and drying 
the plates, 100 ^1 of a I/IOOO dilution of alkaline 
phosphatase conjugated to goat anti-mouse IgG (or IgM) 
or alkaline phosphatase conjugated to goat anti-rabbit 
IgG (or IgM) was added to the appropriate wells and 

20 incubated for 1 hour at 37 ^C, on a shaker. After 

washing and drying, 100 ^1 of the substrate solution 
was added to each well and the color development was 
read (as described in Section III c [i]). 

VI. Functional activity of Abl and Ahn 

25 (a) Preparation of Complement: 

Complement was prepared according to the 
method described by Joiner et al. (23), using 
commercially available fresh normal mouse serum (SIGMA) 
and fresh normal rabbit serum (Gibco) as the complement 
30 source in the bactericidal assays. Fresh blood, drawn 
from C5 deficient B10.D20SNJ mice (The Jackson 
Laboratory, Bar Harbor, ME), was used as the complement 
source in the opsonophagocytic assays by initially 
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allowing it to clot at ro m temperature for 15 minutes; 
centrifuging at 3000 x g (10 minutes) and immediately 
placed in an ice bath. 

Organisms were streaked onto chocolate agar 
5 plates and incubated overnight in a 37 ^C, 5% CO2 
atmosphere (candle extinction jar) • They were 
harvested with a cotton tipped swab into 1 ml O.IM PBS 
by centrifugation. The organisms were incubated in 
1 ml of 0.25% glutaraldehyde in PBS for 30 minutes at 

10 room temperature and washed as above. 1 ml of DL- 

Lysine (1 mg/ml of PBS) was then added to the organisms 
(to c[uench the residual glutaraldehyde) for 20 minutes 
at room temperature. The organisms were washed (as 
above) , added to 5 ml of serum and rotated end-over- 

15 end for 1 hour (4«C). The sera were centrifuged (3000 
X g) for 10 minutes at 4*^0 (to remove the organisms) 
and filter sterilized through a 0.22 fm Millipore 
filter. The sera (complement source) were stored at 
-70 *C. Aliquots, absorbed with the organisms used in 

20 the assay, were thawed and used immediately in the 
assays (Section VI d) . 

(b) Propagation of organisms 

Media used in growing the Neisseria organisms 
was prepared according to methods described by Horse 

25 et al. (39) . 

Solution A was prepared by dissolving 1.5 g 
protease Peptone #3, 0.4 g potassium phosphate 
(dibasic), 0.1 g potassium phosphate (monobasic), 0.5 9 
sodium chloride and 0.1 g soluble starch in 100 ml 

30 deionized and distilled water. It was autoclaved for 
15 minutes, cooled to room temperature and stored at 
4*C for 2 weeks. Solution B was prepared by dissolving 
0.042 g sodium bicarbonate and 4.0 g glucose in 90 ml 
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del nized and distilled water, filtered sterilized 
(0.22 Millipore filter), and stored at 4*^C. 

One loopful of thawed organisms (obtained 
from a frozen culture stock, stored at ••TO^C) was 
5 transferred to a chocolate agar plate and incubated for 
14-16 hours at 37 ®C in a 5% CO2 atmosphere (candle 
extinction jar) . Pure colonies were streaked onto a 
second chocolate agar plate to obtain a solid lawn of 
organisms. Plates were incubated as above. In the 
10 experiments that required sialylated organisms, 
gonococci were grown on chocolate agar plates, 
containing 1 ml of 80 of the ammonia salt of 5'- 
cytidinemonophospho N-acetyl neuraminic acid (CMP-NANA) 
(SIGMA) . 

15 After incubation, the organisms were 

collected into 1 ml of Solution A and mixed thoroughly. 
The bacterial suspension was added (until OD^^q = 0.1) 
into a sterile sidearm flask containing 9 ml of 
Solution A, 1 ml of Solution B and 0.1 ml of a mixture 

20 of vitamins, amino acids and dextrose formulated so 
that it was identical to a commercially available 
product called Isovitalex®. Again, if sialylated 
organisms were needed, CMP-NANA (80 /ig/ml) was added to 
the liquid growth media. The culture was allowed to 

25 grow at 37 "C, with vigorous stirring, to create 
aeration to a mid log phase concentration of 
approximately 10® CFU/ml (ODggQ = 0.2). 

These organism suspensions were used in 
bactericidal (Section VI c) and opsonophagocytic assays 

30 (Section VI d) described below. 

(c) Bacteric idal assay 

The bactericidal assay method used was a 
modification (27) of procedures described by Roberts 
(47) and Gold and Wyle (55) for N. meningitidis . 
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Bacterial cultures (10^ CFU/ml, OD = 0.2) were prepared 
as described above and diluted 400 fold with Solution A 
to obtain approximately 10^ CFU/ml. The tube was 
incubated in a 37 •C rotary shaker water bath until used 
5 (maximim 10 minutes) . 

Reaction mixtures were set up in 12x75 mm 
sterile polystyrene tubes with caps. Bach test mixture 
contained 0.025 ml of diluent (Gey*s balanced salt 
solution), 0.025 ml of the bacterial suspension, 0.05 

10 ml of the test antibody [serial antibody dilutions of 
Abl (2C7) or Ab3, or control antibodies prepared in 
animals immunized with LOS or C-MCP] (Section III[b], 
V[a] and [b]) and 0.05 ml of the absorbed complement 
source (Section VI a) . After vortexing, 0.025 ml of 

15 the mixtures were inoculated onto duplicate chocolate 
agar plates and spread evenly with a flamed glass rod 
to obtain the number of colony forming units (CFUs) , at 
time 0. The mixtures were then incubated at 37 •€ in a 
rotary shaking water bath for 30 minutes. Aliquots of 

20 0.025 ml of the reaction mixtures (at time 30 minutes) 
were again inoculated onto another set of duplicate 
chocolate agar plates and spread as above. The plates 
were incubated at 37 «C in 5% COj atmosphere (candle 
extinction jar) . 

25 CFUs were counted using a Quebec Colony 

counter. Killing was expressed as the percent decrease 
in colony count at 30 minutes, compared to the 0 
minute. 

As a positive control for the presence of 
30 adequate complement activity, a serum with known 

bactericidal activity against the bacterial test strain 
was used. Negative controls included active complement 
without the test serum and a reaction mixture 
containing heat inactivated (56«C or 30 minutes) 
35 complement and test senun. 
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(d) Opsonophaaocvtic assay 

The opsonization of organisms and the 
phagocytic assay used was a modification of procedures 
described by Sveum et al. (55) , and Ross and Densen 
5 (48). 

(i) Preparation of PMWs 

Polymorphonuclear leukocytes (PMNS) were 
prepared according to the procedure described .by the 
manufacturer of Polymorphprep** (13.8% Sodium Metrizoate 

10 and 8% Dextran 500) (Nycomed Pharma As, N-0401, Oslo 4, 
Norway) . Briefly, 30 ml of whole blood were drawn from 
normal adult human volunteers and immediately 
transferred to a 50 ml centrifuge tube containing 45- 
50 mg of EOTA dipotassium salt and mixed gently. 

15 Approximately 5 ml of the anticoagulated whole blood 
were carefully layered over 3.5 ml of Polymorphprep* in 
a 15 ml centrifuge tube. The tubes were centrifuged 
(500 X q, for 30 minutes) in a swing out rotor, at room 
temperature. The serum (top layer) and the cell band 

20 at the interface consisting of mononuclear cells were 
carefully removed without disturbing the lower PMN 
band. PMNs were transferred to another 15 ml 
centrifuge tube and diluted with an equal volume of 
0.45% NaCl. They were centrifuged (500 x g, for 10 

25 minutes at 4»C) and washed twice with sterile O.IM PBS 
at 4'C. If the PMNs appeared contaminated with 
erythrocytes (pink color) , 1 ml of cold sterile water 
was added to the cells for 30 seconds (to lyse the 
erythrocytes) , then PBS was added for a total volume of 

30 14 ml and centrifuged as above. The final cell pellet 
was resuspended in 1 ml of PBS and the cells were 
counted using a hemocytometer. The suspension was 
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diluted with PBS for a final concentration of 2 x 10' 
PHNs/ml and kept on ice and used within 30 minutes. 

(ii) opsonization of t^e orq^nAsms 

10® CFU/ml (ODgsQ « 0.2) of the bacterial test 
5 organisms (Section VI b) were used in this assay. 
Eight ml of bacterial culture (from a total of 10 ml) 
were centrifuged in a microcentrifuge and washed twice 
with Hank's balanced salt solution containing Ca^* and 
Mg^"*" ions (HBSS^"*") (Sigma). The pellets containing 

10 approximately 5 x 10® organisms, were resuspended in 

0.5 ml of O.IM NaHCOj (pH9.5). 0.5 ml of Lucifer yellow 
(Sigma) (2 mg/ml in O.IM NaHCOg, pH9.5) was added to 
the suspension and rotated end-over-end for 45 minutes 
at room temperature. The organisms were washed thrice 

15 in HESS"*"* (as above) and resuspended in HBSS'^'*' at a 
concentration of 5 x 10® orgahisms/ml. Opsonizing 
antibody [either mAb 2C7 (Abl) (Section III a) or 
rabbit pre- or 14 days post-sera (Ab3) (Section V b) 
were added to 250 /il of the organism suspension to 

20 produce a final antibody dilution of 1/100 for mAb 2C7 
and 1/500 for rabbit sera. This mixture was then 
incubated for 30 minutes at 37*»c in a rotary shaking 
water bath. In a separate tube, 250 lil of the organism 
suspension without opsonizing antibody was incubated as 

25 a negative control. After 30 minutes of incubation the 
organisms were washed thrice in HBSS'*"'^ (as above) at 
room temperature. The opsonized organisms were 
resuspended to a concentration of 5 x 10® cells/ml in 
HBSS and incubated on ice for about 5 minutes prior 

30 to use in the phagocytic assay. 

For a negative staining control, the 
remaining 2 ml of organisms (from the original 10 ml 
culture) were fixed with 0.5 ml of Haema-line 2® 
(Serono-Baker Diagnostics, Allentown, PA) containing 1% 



wo 94/22479 



PCT/US94/03794 



paraformaldehyde and kept on ice until analyzed. Also, 
an aliquot of stained organisms was fixed in a similar 
fashion. 

(iii) pn^qgcytig ^pse^Y 
5 Adherence 

Opsonized (test) and non-opsonized (control) 
organises (2.5 x 10^ cells/50 fil of HBSS**) were 
allowed to adhere to PMNs (10® cells/50 Ml of HBSS*"^) 
in separate reaction tubes. In experiments that used 

10 complement, ten percent (10 /xl) complement (prepared in 
Section V a) was added to the organisms, prior to the 
addition of PMNs. The mixtures (at a ratio of 25 
organisms/PMN) were incubated for 30 minutes at O^'C (to 
permit adherence without internalization) . One ml of 

15 ice cold HBSS^^, supplemented with 1% BSA, was added 
to the tubes. Unbound organisms were separated from 
the PMNs by centrifugation (250 x g, for 5 minutes, at 
4*C). Each pellet, containing PMNs with adherent 
organisms, was resuspended in 100 ^1 of ice cold 

20 HBSS** with 1% BSA, aliquotted into prechilled 12x75 
mm sterile polystyrene tubes (25 ^X/tube) , and kept on 
ice. 

Phagocytosis 
Three 25 m1 aliquots of PMNs, with adhered 
25 organisms (opsonized or nonopsonized) , were incubated 
at 37 in a rotary shaking water bath. These 
conditions allowed the PMNs to ingest the organisms. 
The phagocytic reaction was stopped by adding 42 iil of 
ice cold HBSS"*"** supplemented with 1% BSA, to one tube 
30 every 10 minutes, and placing it into an ice bath. 

Counterstainina 
After phagocytosis, PMNs were incubated for 
30 minutes with 50 ^1 of ice cold biotin*labelled mAb 
2C3 (0.5 Mg/nl) (Section III d) . mAb 2C3 will only 
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bind to the bacterial organisms on the surface of the 
PHNs. One ml of HBSS**"^, supplemented with 1% BSA, was 
added to each tube and centrifuged (1500 x g) for 10 
minutes. The cells were vashed by suspending them in 1 
5 ml HBSS*'''^, supplemented with 1% BSA, and centrifuged 
as above. The cell pellets were incubated with 1.5 
(6 /il) of Streptavidin Phycoerythrin (P£)*Texas red 
(SAPETR) (Gibco) on ice, for 30 minutes. The cells 
were then washed (as above) • Next, the PHN/organism 
10 pellets were fixed with 0.5 ml of Haema-line 2® 

containing 1% Paraformaldehyde and stored on ice until 
analyzed. 

For the SAPETR staining control, Lucifer 
yellow stained, non-opsonized and nonphagocytized, 
15 organisms were incubated with biotin labelled mAb 2C3 
and processed as indicated above. 

Flow cytometry 
Flow cytometric analysis, of the fixed PMNs, 
was performed on a single Argon-ion laser FACS (Becton 
20 Dickinson, FACS systems, Sunnyvale, CA) . Lucifer 

yellow (green fluorescence) excites at 488 nm and emits 
at 520 nm [detected in the Fluorescence 1 (FL 1) 
channel]. Phycoerythrin excites at 488 nm and emits at 
575 nm, which in turn excites the adjacent Texas red. 
25 Texas red (red fluorescence) then emits at 618 nm 

[detected mostly in the Fluorescence 3 (FL 3) channel]. 

The increase in fluorescence emission, in FL 
1 and FL 3, were expressed as the mean fluorescent 
channel (the average intensity of fluorescence emitted 
30 by 10,000 cells). The intensity of fluorescence is 
directly correlated with the mean fluorescence (16) . 
The higher mean fluorescence measurements, indicate 
larger numbers of organisms adhered to PMNs (13, 54). 

As phagocytosis occurs, less gonococci will 
35 be available to bind biotinylated mAb 2C3 and therefore 
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less SAPETR will bind (i.e., less emission in FL 3), 
while the total number of organisms present should 
remain constant (constant emission in FL 1) . 

Results 

5 I. Characterization of primary antige n (LOS\ 

The purity of the LOS antigen and lack of 
recognizable protein conteunination was confirmed by 
SDS-PAGE. Most Strains of gonococci produce from 1-6 
antigenically and structurally distinct LOSs that 

10 migrate on SOS-PAGE as subunit molecular masses ranging 
between 3200-7100 MW. LOS prepared from the serum 
sensitive strain 24-1 by 45% hot phenol extraction 
migrated faster than the 14.4 KD standard market on 
SDS-PAGE. No higher MW protein bamds were visualized 

15 on the gel. 

II. Antibody 

(a) Production and purification of 
idiotvpe antibody 2C7 (Ahl\ 

Idiotype MAb 2C7 (Abl) was produced from the 
20 2C7 hybridoma cell line and was purified from tissue 
culture supernatants (26) . 

Enrichment and concentration of mAb 207 
(Abl) , identified as an IgG3X subtype, was accomplished 
by affinity chromatography. One hundred mis of 
25 hybridoma cell supernatant were applied to an agarose 
lined anti-mouse IgG3 affinity column. Peak fractions 
were pooled and concentrated to 0.5 mg/ml with a 
Centricon 30 microconcentrator, dialyzed against normal 
saline, and filer sterilized. Aliquots (lOO ^1) were 
30 frozen at -20 »c. Attempts to concentrate antibody to 
higher concentrations (i.e., >l mg/ml), produced 
precipitation and loss of antibody binding activity in 
direct ELISA assay. 
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(b) Characterization of idiotype antibody 2C7 (ABl) 
reactivity with human blood group antigens 

Some anti-LOS KAbs (3F11 and 06B4) are known 
to recognize human blood group precursor antigens (37). 
5 This structural similarity of LOS epitopes on 
N. gonorrhoeae to human erythrocyte precursors is 
significant in several aspects of the pathogenesis of 
gonococcal infection. First, antigenic similarity may 
allow the organism to mimic the surface structure of 

10 the host, thus facilitating attachment and adherence to 
host surfaces and phagocytic cells. This may also play 
a role in the specificity of the gonococcus for human 
genital epithelial cells. Second, antigenic mimicry 
may allow the organism to appear like a **self'* surface 

15 and subvert normal humoral and cellular immune 

responses. This antigenic similarity is particularly 
important in the consideration of LOS-derived OS 
epitopes as vaccine candidates, where presentation of a 
"self** antigenic stimulus could lead to either no 

20 response or, more importantly,, to the production of an 
autoimmune response. 

Therefore, the possibility that MAb 207 might 
recognize hiunan erythrocyte GSL antigens was assessed 
by inhibition ELISA (14). NHS was taken from donors 

25 with blood types A,B, or O. Blood type was defined by 
(i) the presence of antibodies that agglutinated the 
heterologous red blood cells and (ii) the ability of 
blood group-specific MAbs to correctly identify the 
donor red blood cells by agglutination. In these 

30 experiments, LOS prepared from our SS prototype strain 
named 24-1 (121) was coated to microtiter plate wells. 
Varying dilutions of MAb 2C7 were added to the wells 
first, followed by NHS incubation and, finally, 
recognition by either anti-human IgG or IgM-HRP 

35 conjugate. No inhibition was demonstrated in four type 
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B sera (shown to have antibody directed against blood 
group A antigen) , three type O sera (antibody directed 
against A and B antigens) , and foiir type A sera 
(emtibody against blood group B antigen) • Furthermore, 
5 2C7 (diluted in PBS) did not agglutinate type A^ , A2r 
B, or O erythrocytes but did agglutinate type O 
erythrocytes that had been sensitized with SS (24-1) 
LOS (positive control) • None of the sera used 
agglutinated LOS-sensitized erythrocytes. Taken 
10 together, these data suggest that the epitope . 

recognized by HAb 2C7 is not similar to the major human 
(ABO) blood group antigens. 

mAbs which recognize htunan glycosphingolipid 
antigens previously shown to cross-react with 
15 gonococcal LOS epitopes were next screened against 
whole gonococci and purified LOS. Subsequently, the 
ability of mAb 2C7 to inhibit binding of mAbs positive 
in the direct binding ELISA was assessed. Results 
indicated no cross-reactivity between 2C7 epitope and 
20 previously identified cross-reactive epitopes. Others 
have demonstrated that mAb 3Fll-mediated agglutination 
of erythrocytes can be increased by both trypsin and 
neuraminidase treatment to unmask sialylated GSL 
epitopes (37) ; however, neither trypsin and 
25 neuraminidase treatment caused mAb 2C7 to agglutinate 
erythrocytes (mAb 2C7 did agglutinate positive control 
type O erythrocytes that had been sensitized with 
strain 24-1 LOS) . Similarly, ELISA data indicated that 
pre-absorption of mAb 3F11 with either trypsin- or 
30 neuraminidase-treated erythrocytes (compared to pre- 
absorption with untreated erythrocytes) reduced binding 
to solid phase 24-1 LOS by approximately 50% and 95%, 
respectively, while residual binding of mAb 2C7 to LOS 
was unchanged by absorption. Taken together, these 
35 data suggest that the epitope identified by mAb 2C7 
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does not have antigenic similarity to human 
glycosphingolipid antigens and thus would not he 
expected to evoke an autoimmune response. 

III. Anti-idioto pe antihodv fAb2) 

5 (a) Developmen t of anti-idibtvpe antihodv (kb2) 

Anti-idiotope antibody (Ah2) was produced by 
intraperitoneal immunization of pristane treated BALB/c 
mice with hybridoma cells secreting mAb 2C7 (IgG3 } , 
followed by fusion of splenocytes with a non-secreting 

10 Sp2/0*Agl4 myeloma cell line. After HAT selection, 

supematants were initially screened for the production 
of antibody that binds to biotinylated mAb 2C7 by 
immunodot assay. The positive supernatants were 
subsequently used in an isotyping ELISA. One hundred 

15 one of 144 supernatants produced IgNic antibody. We 

chose 21 wells ' that contained rapidly growing cells and 
tested the supernatants in two additional ELISA assays 
that used 24-1 gonococcal LOS, (bearing the 2C7 
epitope) coated to solid phase. 

20 In the first ELISA (competitive ELISA) 

varying dilutions of Ab2 supernatant were tested for 
their ability to compete with biotin-labelled mAb 2C7 
for binding to LOS. Ten out of 21 supernatants showed 
>45% inhibition of 2C7 binding to IjOS in this assay at 

25 1/8 dilutions of the supernatants. The remaining 
supernatants showed less (>30% to <45%) inhibition* 
Two negative controls (media and supernatant from non- 
antibody producing cells [diluted 1:8]) showed <15% 
inhibition. 

30 We chose 5 out of 10 supernatants that gave 

>45% inhibition in the competitive ELISA and tested 
them in a second (displacement) ELISA. 

In the displacement ELISA, we tested the 
ability of varying dilutions of Ab2 supernatant to 
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displace biotin-labelled mAb 2C7 pre-bound to LOS on 
solid phase. Four out of 5 supernatants (1:2 dilution) 
displaced >60% of biotin-labeled mAb 2C7 and one 
displaced 40%. A negative control (supernatant from 
5 non-antibody producing cells [pl:2 dilution]) shoved 
<20% displacement. One of the 5 clones (named CAl) , 
produced large quantities of IgfU antibody and was 
further subcloned by the soft agarose method. 

After growing and expanding the antibody- 
10 producing clone in order to produce a large quantity of 
antibody we then purified mAb CAl from the supernatant 
by affinity chromatography. 

(b) Purification of anti-idiotvpe antibody CAl fAb2^ 

mAb CAl (IgMc) was purified from 100 mis of 
15 hybridoma cell supernatant using anti-mouse IgM-agarose 
affinity chromatography. The total protein eluted from 
the column was about 2 mg in 10 mis. This antibody was 
concentrated to 0.7 mg/ml in a Centricon 30 
microconcentrator. Two mis of this purified antibody 
20 was conjugated to keyhole limpet hemocyanin (KLH) , as 
described below. 

(c) Conjugation with KLH 

Purified anti-idiotype antibody (Ab2) , an IgM* 
(1.4 mg in 2 mis), was coupled with KLH using 

25 glutar aldehyde as a cross lin)cer. Antibodies 

conjugated to KLH eluted in the first peak from a 
Sepharose C1-2B column, which was between 65-78% of the 
column total bed volume. Fractions comprising the 1st 
peak were pooled and concentrated back to the original 

30 volume. 

Two mg of irrelevant IgMx mAb (commercially 
available from Sigma) , 500 ^g of 24-1 LOS and 500 /ig of 
group C meningococcal capsular polysaccharide (C-MCP) 
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were also coupled to KLH for use as controls in the 
immxinization studies. Similar elution profiles were 
seen on Sepharose C1-2B gel columns. 

IV. Development of anti-anti- idiotvpe fAb3^ 

5 (a) Immunization of syngenei c mice (BALB/c) 

Immunodot and ELISAs (competitive and 
displacement) assays suggested that mAb CAl (Ab2) was a 
molecular mimic of the 2C7 epitope present on the LOS 
of most gonococcal strains. In order to prove this, we 

10 determined whether use of the Ab2 as an immunogen would 
induce anti-LOS antibody (Ab3) that would recognize the 
2C7 epitope. We first performed immunizations in 
identical strains of mice used to prepare the Ab2 
(BALB/c [syngeneic]). 

15 Twelve week old BALB/c mice were immunized 

intraperitoneal ly (ip) with varying doses (1, 10, 100 
or 200 pLg) of purified mAb CAl (Ab2). The 10 dose 
was used to immunize four mice and one animal was used 
for each remaining dose. Control immunizations were 

20 performed with an irrelevant murine IgMx mAb, 24-1 

gonococcal LOS and PBS. Each mouse was bled prior to 
and then weekly after immunization, to assay the Ab3 
antibody level (determined by binding to LOS in ELISA) . 
Booster immunizations consisted of the same dose of the 

25 original antigen given ip at 14 days. 

The 10 and 100 ^g doses of mAb CAl (Ab2) 
evoked Ab3 (IgG, anti-LOS antibody) responses in the 
mice that were detected by ELISA (Fig. 1). In the 
figure, each point represents the mean of 2-4 

30 experiments. There were no Ab3 responses in the mice 
immunized with either 1 or 200 /ig of mAb CAl (Ab2) . 

The Bice immunized with 10/ig of CAl developed 
a 2.5 fold rise at 14 days and booster immunization 
elicited a rapid antibody production to a level of 12 
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fold higher than the preinununlzation level on day 21 (a 
week after the booster dose) . The mouse iminunlzed and 
boosted vith 100 m9 of CAl developed a 11.7 fold rise 
at 21 days (Fig. l). 
5 The mouse immunized vith LOS had a 4.5 fold 

rise in anti-LOS IgG antibody, on day 21. Control mice 
immunized vith the irrelevant IgMx mAb or PBS did not 
demonstrate a rise in anti-LOS IgG, indicating 
specificity of the anti-CAl Ab3 response (Fig. 2). In 

10 the figure, each point represents the mean of . 
2 experiments. 

IgM responses to immunization were also 
measured. There was no anti-LOS IgM response to CAl in 
mice. As expected, a 4 fold IgM antibody response, 

15 vhich peaked 14 days post primary immunization and fell 
despite subsequent booster doses, developed in the 
mouse receiving LOS. Immunization vith irrelevant IgMx 
mAb or PBS elicited no IgM response (Fig. 3) . In the 
figure, each point represents the mean of 

20 2 experiments. 

These results indicate that CAl (Ab2) is 
capable of inducing anti-LOS Ab3 antibody. The rapid 
increase in IgG antibody production after boosting 
(Fig. 2) is suggestive of a T-cell dependent antibody 

25 response. 

(b) Immunization of rabbits (xenogeneic) 

To further confirm that the CAl is a 
molecular mimic of the primary LOS epitope (ie., that 
CAl represents an Ab26) , ve performed immunizations in 
30 a xenogeneic system (rabbits) . Six veek old New 
Zealand white rabbits were immunized with CAl and 
boosted (at 14 days) subcutaneously with varying doses 
(5, 10, 50 or 100) Mg) of CAl, or control 100 /xg of 
LOS, 100 M9 Of group C meningococcal capsular 
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polysaccharide (C">MCP) , lOO /ig of irrelevant monoclonal 
mvirlne IgMx (all coupled to KLH in Complete Freund's 
Adjuvant [CFA] for subcutaneous immunization) • For 
intravenous (iv) boosting, CAl was given without KLH 
5 and CFA. The primary and booster immunizations 
consisted of the same dose of the original antigen. 
Rabbits were bled, before the primary immunization and 
then weekly for 7 weeks. After this 7 week period, 
they were bled prior to each subsequent boost. Anti- 
10 LOS (Ab3) IgG and IgM antibody levels were determined 
by ELISA. 

One animal was used for each of the doses. 
The rabbit immunized with 5 /i? of CAl developed a 2.25 
fold rise in anti-LOS IgG antibody levels at 35 days 

15 and a 2 fold rise again on day 48 after a booster (Fig. 
4) . The rabbit immunized with 10 ^g, had a slow 
initial rise to 1.5 fold over baseline on day 48. The 
rabbit immunized with 50 ^g, developed a 2.8 fold rise 
on day 14 and stabilized at 2 fold over baseline after 

20 48 days. The antibody level fell despite subsequent 
boosting until 32 weeks and the rabbit died at week 58 
(data not shown) . The death of this rabbit was 
unrelated to the subcutaneous ly administered mAb CAl 
(Ab2), because the last dose had been given 26 weeks 

25 earlier. The rabbit immunized with 100 ng, did not 
develop an Ab3 IgG response (Fig. 4). In Figure 4, 
each point represents the mean of 2 experiments. 

The rabbit that was initially immunized with 
10 Mg of CAl, was boosted iv with 50 ^9 of the same 

30 antigen (without KLH) on week 60 and developed a brisk 
4 fold rise in antibody level 5 days after the boost 
(Fig. 5), suggestive of a T-cell dependent antibody 
response. In Figure 5, each point represents the mean 
of 2 experiments. 
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One animal was used for each of the 
immunogens. In comparing the IgG Ab3 responses to CAl 
(50 Mg) with control immunogens LOS, C-MCP and 
irrelevant IgM«, the anti-LOS response to 50 of CAl 
5 (a 2.8 fold rise) was comparable to the response in the 
rabbit given LOS-KLH out to day 28 (2.6 fold rise) 
(Fig. 6). Thereafter, the rabbit immunized vith LOS 
and boosted on day 14 developed an LOS antibody level 
12 fold higher than the preimmunization level by 5 
10 weeks. In Figure 6, each point represents the mean of 
2 experiments. 

One animal was used for each of the 
immunogens. The maximian IgM Ab3 antibody response (a 
3.3 fold rise) developed by day 48 in the rabbit that 
15 received the 5 dose of CAl (Fig. 7) . The rabbit 

receiving 50 /ig of CAl developed a 2.5 fold rise by day 
28. Rabbits receiving a 10 or 100 fig dose did not 
develop an IgM Ab3 response (Fig. 7). No response 
(either IgG or IgM antibody) was seen in the rabbits 
20 given C-MCP-KLH and irrelevant IgM-KLH. In Figure 7, 
each point represents the mean of 2 experiments. 

The control rabbit immunized with LOS 
developed a 6.7 fold rise in IgM antibody level by day 
28 and 27.5 fold rise by 5 weeks (Fig. 8). This rabbit 
25 died after an iv boost of 100 ^g of LOS (without KLH) 
at 6 weeks. Subsequent antibody determinations in this 
animal showed that it had large quantities of 
circulating anti-LOS antibody (IgG and IgM). When the 
LOS was administered intravenously, an antigen-antibody 
30 reaction occurred causing a systemic Arthus reaction 
(or serum sickness) , which activated complement and 
killed the animal- In Figure 8, each point represents 
the mean of 2 experiments. 

Taken together, these results confirm that 
35 the Ab3 response to CAl is directed against the primary 
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LOS antigen, indicating that the CAl represents an Ab26 
anti-idiotope mimic of the LOS epitope. 

V. ^^nPt;4onal ^ctijlvity of f^X ^j\d Ab3 

(a) pactericjde^; activity 
5 Complement dependent bactericidal antibody 

activity of Abl (mAb 2C7) and Ab3 (response to CAl and 
LOS in both mice and rabbits) was determined using 
established bactericidal assay procedures (15, 24, 41). 
Homologous complement sources were absorbed with 

10 glutaraldehyde-fixed gonococci representing SS (24-1) 
and a SR (W6) gonococci containing 2C7 epitope and a SR 
(71H) gonococci deficient in the epitope to remove 
antigonococcal antibodies prior to use of these 
complement sources in the assays. 

15 Forty five ^g of mAb 2C7 (Abl) in the 

reaction mixture (the highest concentration used) 
mediated 100% killing of the SS gonococci 24-1, 36% 
killing of the sialylated (phenotypically SR) gonococci 
24-1, and 29% killing of SR gonococci WG (all bearing 

20 the 2C7 epitope). Abl was unable to kill, at any 
concentration used, SR gonococci (71H) that lack the 
2C7 LOS epitope (Fig. 9) . 

Ab3 antibodies induced by CAl immunization 
possessed 10 fold greater killing activity against 

25 gonococcus 24-1 in both mice and rabbits than Ab3 
antibodies induced by LOS immunization. CAl 
immunization also elicited a bactericidal response 
against SR gonococcus WG in both mice and rabbits 
(Fig. 10), but not against gonococcus 71H (a control SR 

30 gonococcus which lacks the 2C7 epitope, data not 
shown) . 

Post-immunization sera from animals given 
control immunogens (an irrelevant murine mAb IgMk and 
N, meningitidis group C capsular polysaccharide (C- 
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MCP]) did not contain bactericidal activity against any 
of the SS or SR gonococci. 

(b) Opsonophaaocvtic activity 

(i) gt;ftininq of tl>e oyganisros 

5 Unstained gonococci had low mean fluorescence 

(<40) . After staining organisms homogeneously with 
lucifer yellow, the mean fluorescence increased about 
5-fold in the FLl channel and 3.5 fold in the FL3 
channel. When organisms were counterstained with 

10 Strepavidin-Phycoerythrin (P£) -Texas red (SAPETR) via 
biotin labelled mAb 2C3, there was an additional 1.5- 
fold increase fluorescence in the FL3 channel, with no 
increase in the FLl channel (Fig. 11) • These results 
indicate that counter staining of the organisms with 

15 SAPETR does not saturate the green fluorescence. In 
other words, lucifer yellow maintains its mean 
fluorescence in the FLl channel despite counter staining 
with SAPETR. 

(ii) Effect of opsonizing antibodv Abl (mAb 2C7\ 

20 Adherence of SS a nd SR gonococci to PMNs 

Organisms present at time 0 are adherent to 
PMNs but are not yet ingested. Therefore, all 
organisms present were counterstained with SAPETR via 
biotinylated mAb 2C3. At time 0, the mean fluorescence 

25 expressed correlates directly with the intensity of the 
fluorescence (e.g., the higher the mean fluorescence of 
the PMNs, the greater the number of organisms adherent 
to the PMNs) . 

In the absence of opsonizing antibody, more 

30 SS gonococci (24-1) adhered to PMNs than do SR 

gonococci (34.91% more than WG and 38.10% more than 
71H) . 
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The effect of opsonization by mAb 2C7 (Abl) 
upon adherence was determined for three strains. Mouse 
compleinent was added in experiments with SR and SS 
gonococcl to examine the possibility that 
5 opsonophagocytosis is dependent on complement as well 
as antibody. C5 deficient complement was used for SS 
organisms to prevent the effects to membrane attack 
complex (C5b->9 or MAC) Insertion while still permitting 
C3b and its derived fragments to act as opsonins. 

10 These complement sources were absorbed with 

glutaraldehyde*f ixed gonococci to remove specific 
antibody prior to use in the assays. In control 
experiments, both complement sources were heated to 
56^C for 30 minutes prior to their use. 

15 The effect of mAb 2C7 (Abl) antibody on 

adherence of organisms to PMNs is shown in Fig. 12. 
Opsonization of SS 24-1 gonococci with mAb 2C7 
increased adherence 40.2% compared to adherence by non- 
opsonized organisms. Adherence of SR gonococci (WG) 

20 opsonized with mAb 2C7 to PMNs increased 83.9% compared 
to adherence by non-opsonized WG gonococci. Adherence 
to PMNs of SR gonococci {71H) lacking the 2C7 epitope 
was not effected by the addition of mAb 2C7. 

Complement only minimally increased adherence 

25 of opsonized organisms bearing the 2C7 epitope to PMNs. 
Addition of C5-def icient complement resulted in an 
additional increase in mean fluorescence of 7.89% for 
SS gonococci (24-1) and 11.05% for SR gonococci (WG) . 
However, addition of total complement to SR gonococci 

30 (WG) was 7.3% more effective than C5-def icient 
complement in facilitating adherence to PMNs. 

These data suggest that: i) mAb 2C7 (Abl) 
alone can enhance the adherence of organisms bearing 
the 2C7 epitope to PMNs and ii) the addition of 

35 complement further enhances adherence. 
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Phagocytosis of SS and gpnococci bv PMNs 

PMNs with adherent organisms were incubated 
at 37*»C for 10, 20, and 30 minute periods. The mean 
fluorescence that resulted from Lucifer yellow remained 
constant throughout the incubation period, indicating 
that the total number of organisms remained constant 
and that Ingestion of organisms did not effect emission 
of fluorescence. Decrease in red fluorescence 
indicated the internalization of organisms because 
these were not labelled with SAPETR via biotinylated 
2C3 (Fig* 13) • 

Nonopsonized SS gonococci (24-1) were 
initially ingested rapidly at 37»C (10.17% in 10 
minutes) . No further ingestion occurred during the 30 
minute incubation. Nonopsonized SR gonococci (WG and 
71H) were not ingested during the first 20 minutes of 
incubation at 37«C. Between 20 and 30 minutes 16.30% 
of WG gonococci and 22.02% of 71H gonococci were 
ingested. 

When opsonized with Abl, SS gonococci 24-1 
were ingested at a faster rate initially than SR 
gonococci WG (12.95% vs. 7.07% after 10 minutes at 
37»C). By 20 minutes, ingestion had equalized (28.64% 
vs. 32.34%). At 30 minutes, ingestion of 24-1 had 
increased to 37.57% with no further ingestion of WG. 

After addition of 10% C5-deficient complement 
to the assay mixture, ingestion at 20 minutes of SS 
(24-1) and SR (WG) gonococci was comparable (43.53% vs. 
40.01%). At 30 minutes, ingestion of SS gonococci was 
greater than SR gonococci (53.22% vs. 39.43%). 
However, when total complement was added to SR 
gonococci, ingestion at 30 minutes increased to 53.94%. 

The difference in the rate of ingestion 
between opsonized and nonopsonized organisms was 
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compeared to determine the effect of Abl alone on 
ingestion. After 30 minutes incubation at 37<»c, 
opsonization with Abl increased internalization of SS 
gonococci (24-1) by 26.92% and of SR gonococci (WG) by 
5 16.21%. The addition of an active complement source 
further enhanced the internalization of the organisms. 
Neither opsonization with Abl nor addition of 
complement increased internalization of SR gonococci 
(71H) which lack the 2C7 epitope. 

10 (iii) Effect of opsonizing antibody Ab3 (post- 
immune rabbit sera) 

Adherence of SS and SR gonococci to PMNs 
When opsonized with pre*immune rabbit serum, 
PMN adherence of SS gonococci (24-1) was greater than 

15 that of SR gonococci WG and 71H (51.67% and 23.59%, 

respectively, Fig. 14). When post-immune rabbit serum 
(Ab3) was used as an opsonin, SS gonococci (24-1) still 
exhibited greater adherence to PMNs than SR gonococci 
WG and 71H (17.48% and 27.91% greater, respectively). 

20 Comparing pre- and post- immune rabbit sera (Ab3) , 
opsonization with Ab3 increased ingestion of SS 
gonococci (24-1) by 14.3% and of SR gonococci (WG) by 
47.56%. There was no difference in adherence of SR 
gonococci (71H) lacking the 207 epitope regardless of 

25 the opsonin used. 

Phagocytosis of SS and SR gonococci 
by human PflNs 

Opsonized organisms adherent to PMNs were 

incubated at 37 •C for 10, 20 and 30 minutes (Fig. 15). 

30 When pre-immune rabbit serum was used as the opsonin, 

SS gonococci (24-1) were only ingested minimally 

(9.13%). There was no ingestion of either SR 

gonococcal strain when opsonized with pre-immune rabbit 

serum. 
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When Ab3 (post-Ab2 immiinization rabbit serum) 
was used as the opsonin, 34.98% of SS gonococci 24-1 
and 35.25% of SR gonococci WG were ingested after 30 
minutes at 37 Neither opsonin caused ingestion of 
5 SR gonococci lacking the 2C7 epitope (71H} . 

These data suggest that xenogeneic Ab3 
elicited by Ab2 immunization is specific for the 2C7 OS 
epitope leading to enhanced binding and internalization 
of gonococci bearing the 2C7 epitope. Additionally, 

10 the rate of ingestion was comparable to or better than 
that seen when gonococci were opsonized with Abl (mAb 
2C7) . The increase in the rate of ingestion due to 
opsonization of SS gonococci (24-l)_ with Abl alone was 
26.92% and. that due to Ab3 was 34.98% (i.e., 1.3-fold 

15 greater ingestion) . The increase _in the rate of 

ingestion due to opsonization of SR gonococci (WG) with 
Abl alone was 16.21% and that due to Ab3 was 35.25% (a 
2-fold increase) . Ta)cen together, these data indicate 
that the xenogeneic Ab3 response to Ab2 immunization is 

20 functionally specific for the 2C7 OS epitope. Thus, 
mAb CAl (Ab2) represents an Ab26 that mimics the 
nominal gonococcal OS epitope. 

A Hybridoma producing anti-idiotypic 
antibodies according to the present invention is 

25 exemplified by a culture deposited in the American Type 
Culture Collection in Rockville, Maryland, U.S.A. on 
March 26, 1993 and identified as CAI. 

These cultures were assigned ATCC accession 
number HB 11311- 

30 While we have hereinbefore described a number 

of embodiments of this invention, it is apparent that 
our basic constructions can be altered to provide other 
embodiments which utilize the processes and 
compositions of this invention. Therefore, it will be 

35 appreciated that the scope of this invention is to be 
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defined by the claims appended hereto rather than by 
the specific enbodiments which have been presented 
hereinbefore by way of example. 
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(PCr Rule \3bis) 



A. The indications inade below relate to the microorganism referred to in the description 
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withdrav/n, as provided in Rule 28(3) of the Implementing Regulations 
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by the requester (Rule 28(4) EPC). 
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For receiving Office use only 



1X1 sheet was received with the international application 



Authorized qfOcei 
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MA 



For International Bureau only 
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Authorized officer 
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CLAIMS 

We claia: 

1. An anti-idiotypic monoclonal antibody, 
or fragment thereof, characterized by an antigen 
combining site which immunospecif ically binds to the 
idiotype of a second antibody which binds to an 
oligosaccharide epitope of N> gonorrhoeae , which 
oligosaccharide epitope is not present in hiunan blood 
group antigens. 

2. The anti-idiotypic monoclonal antibody, 
or fragment thereof, according to claim 1, wherein the 
second antibody binds to an oligosaccharide epitope 
recognized by monoclonal antibody 2C7. 

3. The anti-idiotypic monoclonal antibody, 
or fragment thereof, according to claim 1, wherein the 
second antibody binds to an oligosaccharide epitope 
recognized by a monoclonal antibody produced by 
immunizing a mammal with an anti-idiotypic monoclonal 
antibody, or fragment thereof, produced by a hybridoma 
cell line having the characteristics of HB 11311 as 
deposited with the ATCC. 

4. An anti-idiotypic monoclonal antibody, 
or fragment thereof, produced by a hybridoma cell line 
having the characteristics of HB 11311 as deposited 
with the ATCC. 

5. The anti-idiotypic monoclonal antibody, 
or fragment thereof, according to any one of claims 
1-4, wherein the anti-idiotypic monoclonal antibody is 
a recombinant antibody. 
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6» The anti-idiotypic m noclonal antibody, 
or fragment thereof, according to any one of claims 
1-4, wherein the anti-idiotypic monoclonal antibody is 
a chimeric recombinant antibody. 

7. The anti-idiotypic monoclonal antibody, 
or fragment thereof, according to any one of claims 
1-4, wherein the anti-idiotypic monoclonal antibody is 
a humanized recombinant antibody. 

8. A cell that produces an anti-idiotypic 
monoclonal antibody, or a fragment thereof, according 
to any one of claims 1-7. 

9. The cell according to claim 8, which is 
a hybridoma cell. 

10. The cell according to claim 9, which is 
HB 11311 as deposited with the ATCC. 

11. A method for producing an anti-idiotypic 
monoclonal antibody, or fragment thereof, selected from 
the anti-idiotypic monoclonal antibodies and fragments 
according to any one of claims 1-7, comprising 
culturing a cell selected from the cells according to 
any one of claims 8-10. 

12. The method according to claim 11, 
wherein the cell has ATCC accession number HB 11311. 

13. A composition for preventing 

N> gonorrhoeae infection comprising an immuno- 
prophylactically effective amount of an anti-idiotypic 
monoclonal antibody or fragment thereof according to 
any one of claims 1-7. 
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14. A composition for treating 
N. aonorrhpef^^ infection comprising an 
ixmunotherapeutically effective amount of an anti-anti- 
idiotypic monoclonal antibody, or fragment thereof, 
reactive with an anti-idiotypic monoclonal antibody, or 
fragment thereof, according to any one of claims 1-7. 

15. A composition for diagnosis of 

N. gonorrhoeae infection comprising a diagnostically 
effective amount of an anti-idiotypic monoclonal 
antibody, or fragment thereof, according to any one of 
claims 1-7 • 

16. A method for preventing N. gonorrhoeae 
infection comprising administering to a patient an 
immunoprophylactically effective amount of an anti- 
idiotypic monoclonal antibody, or fragment thereof, 
according to any one of claims 1-7 and a 
pharmaceutical ly acceptable carrier. 

17. A method for treating N . gonorrhoeae 
infection comprising administering to a patient an 
immunotherapeutically effective amount of an anti-anti- 
idiotypic monoclonal antibody, or fragment thereof, 
reactive with an anti-idiotypic monoclonal antibody, or 
fragment thereof, according to any one of claims 1-7 
and a pharmaceutically active carrier. 

18. A method for diagnosing N . gonorrhoeae 
infection comprising the step of contacting a sample of 
a body fluid or tissue sample of a patient with a 
composition according to claim 15. 
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19. A method for diagnosing N. gonorrhoeae 
comprising the steps of: 

(a) labelling with a detectable label 
an anti-idiotypic monoclonal antibody, or fragment 
thereof, according to any one of claims 1-7; 

(b) applying anti-immunoglobulin 
antibodies to a solid support; 

(c) applying a biological swple to the 

solid support; 

(d) removing excess biological sample 
from the solid support; 

(e) applying the detectably labelled 
antibody or fragment thereof to the solid support; 

(f) washing the solid support; and 

(g) assaying for the presence of label 
on the solid support. 
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